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General 
Information 



Quick Reference Guide 



Type Exteiwlon Driver 



Type Number 


nU4*tlUvrf 




HD66100F 


nut) 11 uu a 


nuvi iuu 


rower supply lor 
internal circuits (V) 


c.,1 lO O.O 




4.5 to 5.5 


H.O VJ O.O 


lO o.o 


Power supply for 
LCD driver circuits (V) 


13 




6 




17 


17 


Power 

dissipation (mW) 


5 




5 




5 


5 


Operating 
temperature (°C) 


-20 to +75*1 




-20 to +75*1 


-20 to +75*1 


-20 to +75 


Memory ROM (bit) 














RAM (bit) 


— 








— 


— 


LCD driver Common 


20 












Column 


40 (20) 




80 




80 


80 


Instruction set 














Operation 
frequency (MHz) 


0.4 




1 




2.5 


2.5 


Duty 


Static-1/33 




Statio-1/16 


Static-1/100 


1/32-1/128 


Package 


FP-60A 
Chip 




FP-100 


FP-100 


FP-100 


Type 


Column Driver 












Type Number 


HD66204 


HD66214T 


HD66224T 


HD66106 


HD66107T HD66110RT 


Power supply for 
internal circuits (V) 


2.7 to 5.5 


2.7 to 5.5 


2.5 to 5.5 


4.5 to 5.5 


a 1* m m *% mm mm 

4.5 to 5.5 2.7 to 5.5 


Power supply for 
LCD driver circuits (V) 


28 


28 




28 


37 


37 40 


Power 

dissipation (mW) 


15 


15 




15 


15 


25 25 


Operating 
temperature (°C) 


-20 to +75*1 


-20 to +75 


-20 to +75 


-20 to +75 


-20 to +75 -20 to +75 


Memory ROM (bit) 










- 




RAM (bit) 














LCD driver Common 














Column 


80 


80 




80 


80 


160 160 


Instruction set 














Operation 
frequency (MHz) 


8 


8 




8MHzat5V 
6.5 MHz at 3 V 


6 


8 12 MHz at 5 V 
10 MHz at 3 V 


Duty 


1/64-1/240 


1/64-1/240 


1/64-1/240 


1/100-1/480 


1/100-1/480 1/100-1/480 


Package 


FP-100 
TFP100 
Chip 


TCP 




SLIM-TCP 


FP-100 
TFP100 
Chip 


TCP SLIM-TCP 



*1 -40 to +80°C (special request). Please contact Hitachi agents. 
*2 Underdevelopment 
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Type 


Column Drive (within RAM) 






TFT Column Driver 




Type Number 


HD44102CH HD61102 


HD61202 


HD66108T 


HD66300T 


HD66310T HD66330T 


Power supply for 
internal circuits (V) 


4.5 to 5.5 4.5 to 5.5 


4.5 to 5.5 


2.7 to 5.5 


4.5 to 5.5 


4.5 to 5.5 4.5 to 5.5 


Power supply for 
LCD driver circuits (V) 


11 15.5 


17 


15 


15 


23 


5 


Power 

dissipation (mw) 


5 5 


5 


5 


160 


100 


100 


Operating 
temperature (°C) 


-20 to +75 1 -20 to +75 


—20 to +75* 1 


-20 to +75 


-20 to +75 


-20 to +75* -20 to +75 
(-20 to +60) 


Memory ROM (bit) 


- - 


- 




— 






RAM (bit) 


200 x 8 512 x8 


512 x 8 


165x 65 




— 


— 


LCD driver Common 






0-65 








Column 


50 64 


64 


100-165 


120 


160 


192 


Instruction set 


6 7 


7 


7 








Operation 
frequency (MHz) 


0.28 0.4 


0.4 


4 


4 8 


12/15 


28 


Duty 


Qtati/* 1 n.O Ctati/» 1 IRA 


1 no-A /1 on 

1/Ofc— 


1/36, 1/48, 
1/50, 1/64, 
1/66 




- 


- 


Package 


FP-80 FP-100 
Chip 


FP-100 

TFP-100 

Chip 


TCP 


TCP 


TCP 


SLIM-TCP 


Type 


Segment Display 












Type Number 


HD61602 


HD61603 




HD61604 




HD61605 


Power supply for 
internal circuits (V) 


2.7 to 5.5 


2.7 to 5.5 




2.7 to 5.5 




2.7 to 5.5 


Power supply for 
LCD driver circuits (V) 


5 


5 




5 




5 


Power 

dissipation (mW) 


0.5 


0.5 




0.5 




0.5 


Operating 
temperature (°C) 


-20to+75* 1 


-20 to +75*1 


-20 to +75*1 




-20 to +75*1 


Memory n<jM \Dii/ 














RAM (bit) 


204 


64 




204 




64 


LCD driver Common 


4 


1 




4 




1 


Column 


51 


64 




51 




64 


Instruction set 


4 


4 




4 




4 


Operation 
frequency (MHz) 


0.52 


0.52 




0.52 




0.52 


Duty 


Static, 1/2, 1/3, 1/4 


Static 




Static, 1/2, 1/3, 1/4 


Static 


Package 


FP-80 
FP80A 


FP-80 




FP-80 




FP-80 



*1 -40 to +80°C (special request). Please contact Hitachi agents. 
*2 Underdevelopment 

*3 -20 to +75°C in 12 MHz version, -20 to +65°C in 15 MHz version 
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Type 


Common Driver 












Type Number 


HD44103CH 


HD44105H 


I HD61103A 


HD61203 


HD66205 


HD66215T 


HD66115T 


Power supply for 
internal circuits (V) 


4.5 to 5.5 


4.5 to 5.5 


4.5 to 5.5 


4.5 to 5.5 


2.7 to 5.5 


2.5 to 5.5 


2.5 to 5.5 


Power supply for 
LCD driver circuits (V) 


11 


11 


17 


17 


28 


28 


40 


Power 

dissipation (mW) 


4.4 


4.4 


5 


5 


5 


5 


5 


Operating 

tamnarati in t°f\\ 
loillfJoicllUio \ \s) 


-20 to +75*1 


-20 to +75 


»1 -20 to +75* 1 


-20 to +75*1 


-20 to +75*1 


-20 to +75 


-20 to +75 


Memory ROM (bit) 




- 


- 


- 




- 




RAM (bit) 
















LCD driver Common 


20 


32 


64 


64 


80 


100/101 


160(80 + 80) 


Column 
















Instruction set 
















Operation 
frequency (MHz) 


1 


1 


2.5 


2.5 


0.1 


0.1 


2.5 


Duty 


1/8, 1/12, 
1/16, 1/24, 
1/32 


1/8, 1/12, 
1/32, 1/48 


Static-1/10, 
1/64 


1/32-1/64 


1/64-1/240 


1/64-1/240 1/100-1/480 


Package 


FP-60 


FP-60 
Chip 


FP-100 


FP-1 00 
TFP100 
Chip 


FP-100 
TFP100 
Chip 


SLIM-TCP 


SUM-TCP 


■ ypv 


Character Display Controller 










Type Number 


HD43160AH 


HD44780U 
(LCD-II) 


HD66702R HD66710 
(LCD-II/E20) (LCD-II/F8) 


HD66712*2 
(LCD-II/F12) 


Power supply for 
internal circuits (V) 


4.5 to 5.5 


2.7 to 5.5 


2.7 to 5.5 


2.7 to 5.5 


2.7 to 5.5 


rower supply ior 
LCD driver circuits (V) 






11 


7 


13 




13 


Power 

dissipation (mW) 


10 




2 


2 


2 




2 


Operating 
temperature (°C) 


-20 to +75 


-20to+75* 1 


-20 to +75*1 


i -20 to +75*1 


-20 to +75 


Memory ROM (bit) 


6420 




9920 


7200 


9600 




9600 


RAM (bit) 


80x8 




80 x 8,64 x8 


80x8,64x8 80x8,64x8, 
8x8 


80 x 8, 64 x 8 
8x8 


LCD driver Common 






16 


16 


33 




33 


Column 






40 


100 


40 




60 


Instruction set 


6 




11 


11 


11 




11 


frequency (MHz) 


0.25/0.375 


0.25 


0.25 


0.25 




0.25 


Duty 


1/8, 1/12, 1/16 


1/8, 1/11,1/16 


1/8,1/11,1/16 1/17,1/33 


1/17,1/338 


Package 


FP-54 




FP-80B 
TFP-80 
Chip 


FP-144A 
Chip 


FP-100A 
TFP-100 
Chip 


TCP 



*1 -40 to +80°C (special request). Please contact Hitachi agents. 
*2 Underdevelopment 
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Type 


Graphic Display Controller 




Type Number 


HD61830 
LCDC 


HD61830B 
LCDC 


HD63645F 
HD64645F 
HD64646FS 
LCTC 


Power supply for 
internal circuits (V) 


4.5 to 5.5 


4.5 to 5.5 


4.5 to 5.5 


Power supply for 
LCD driver circuits (V) 








Power 

dissipation (mW) 


30 


50 


50 


Operating 
temperature (°C) 


-20 to +75 


-20to+75* 1 


-20 to +75 


Memory ROM (bit) 


7360 


7360 


— 


RAM (bit) 






— 


LCD driver Common 








Column 


— 


• — 




Instruction set 


12 


12 


15 


Operation 
frequency (MHz) 


1.1 


2.4 


10 


Duty 


Static-1/128 


Static-1/128 


Static-1/512 


Package 


FP-60 


FP-60 


FP-80 
FP-80B 


*1 -40 to +80°C (special reques 
*2 Underdevelopment 


t). Please contact Hitachi 


agents. 




Type 


Low-Power LCD Chipset 




Type Number 


HD66503 


HD66520 




Power supply for 
internal circuits (V) 


2.7-5.5 


2.7-5.5 




LCD driver circuits (V) 


28 


28 




Power 

dissipation (mW) 


0.5 


0.5 




Operating 
temperature (°C) 


-20° to +75° 


-20° to +75° 




Memory ROM (bit) 


RAM (bit) 




76800 




LCD driver Common 


240 






Column 




160 




Operation 
frequency (MHz) 


65 KHz 


65 KHz 




Duty 


1/120,1/240 


1/120, 1/240 




Package 


TCP 


TCP 
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Type Number Order 



Sorted by Type Name 



Type 


Function 


Reference Page 


HD43160AH 


LCD controller 


199 


HD44100RFS 


40-channel LCD driver 


151 


HD44102CH 


50-channel column driver within RAM 


489 


HD44103CH 


20-channel common driver 


511 


HD44105H 


32-channel common driver 


519 


HD44780UA00FS/00TF/01 FS/ 
02FS/UB**FS/TF LCD-II 


LCD controller/driver (8x2 character) 


214 


HD61100A 


80-channel column driver 


174 


HD61102RH 


64-channel column driver within RAM 


528 


HD61103A 


64-channel common driver 


556 


HD61200 


80-channel column driver 


186 


HD61202/TFIA 


64-channel column driver within RAM 


580 


HD61203/TFIA 


64-channel common driver 


612 


HD61602R/RH 


Segment display type LCD driver 


841 


HD61603R 


Segment display type LCD driver 


841 


HD61604R 


Segment display type LCD driver 


871 


HD61605R 


Segment display type LCD driver 


871 


HD61830A00H LCDC 


LCD controller 


898 


HD61 830B00H LCDC 


LCD controller 


898 


HD63645F LCTC 


LCD timing controller (68 family) 


934 


HD64645F LCTC 


LCD timing controller (80 family) 


934 


HD64646FS LCTC 


LCD timing controller (80 family) 


934 


HD66100F/FH 


80-channel LCD driver 


161 


HD66106FS 


80-channel column/common driver 


772 


HD66107T00/01/1 1/1 2/24/25 


160-channel column/common driver 


787 


HD66108T00 


165-channel graphic LCD controller/driver 


638 


HD661 1 0RTA8/RTB0/RTB1 /TA4 


160-channel column driver 


807 


HD66115TA0/1 


1 60-channel common driver 


824 


HD66204F/FL/TF/TFL 


80-channel column driver 


691 


HD66205F/FL/TF/TFL/TA1/TA2/ 
TA3/TA6/T A7/TA9L 


80-channel common driver 


706 


HD66214TA1/2/3/6/9L 


80-channel column driver 


722 


HD66215TA0/1/2 


100-channel common driver 


751 


HD66224TA1/TA2/TB0 


80-channel column driver 


737 


HD66300T00 


1 20-channel TFT analog column driver 


1027 


HD66310T00/T0015 


160-channel TFT digital column driver (8 gray scale) 


1088 


HD66330TA0 


192-channel TFT digital column driver (64 gray scale) 


1108 


HD66503 


240-channel row driver with internal LCD timing circuit 


979 


HD66520 


160-channel 4-level grayscale display column 
with internal bit-map RAM 


996 


HD66702RA00F/00FL701 F/02F/ 
RB**F/FLLCD-1I/E20 


LCD controller/driver (20 x 2 character) 


273 


HD6671(T**F8 LCD-II/F8 


LCD controller/driver (8x4 character) 


334 


HD66712 LCD-II/F12 


LCD controller/driver (12x4 character) 


411 




HITACHI 
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Selection Guide 

Hitachi LCD Driver System 



Type 



Reference 
Figure 



Screen 
Size (max) 



Lineup 



Application 



TFT 

Full Color 
System 



(800 x 3) x 520 
dots 



HD66310T(Drain) 
HD66330T( Drain) 
HD66205(Gate) 
HD6621 5T(Gate) 



Personal Com- 
puter 

Terminal Work- 
station 

Navigation Sys- 
tem 



Color 

LCD-TV 

System 



HD66215T 

(Gate ( U E-°l or 



720x480 dots 



HD66300T( Drain) 

HD66205(Gate) 

HD66215T(Gate) 



LCD-TV 
Portable Video 



Display 
System 
for CRT 
Compatible 



a 




640x400 dots 



HD63645/64645/ 

64646(Controller) 

HD66204(Column)/ 

66205(Common) 

HD66224T(Column)/ 

HD66215T(Common) 

HD66106F(Driver) 



Personal Com- 
puter, Word- 
processor, Ter- 
minal 



Graphic 
Display 
System 



61830B 
intfoller) T 



H061203 
(Common 



ff LOVE 



Character HD61 100A(Column), Laptop Computer, 
80x16 HD61830B(Controller) Facsimile, Telex, 

Graphic HD61200(Column) Copy machine 

480x 128 dots HD61 103A(Common), 
HD61203(Common) 



Graphic 
Display 
System 
(Bitmap) 



H061203 (Common Driver) 



480x128 dots 



HD44102(Column)/ 

61102(Column) 

HD44103(Common) 

HD61202(Column) 

HD44105(Common)/ 

61 103A(Common) 

HD61203(Common) 

HD66108 

(Column)/Common) 



Laptop Computer, 
Handy Word- 
processor, Toy 



Character 

Display 

System 



|cpu - 



HD44780U(Controller) 



TOKYO 
,l I I I 



HD66100F/ 
HD44100H 
(Columm Driver) 



40 Charac- 
ters 

x2 Columns 
80 Charac- 
ters 

x1 Column 



HD44780U(LCD- II ) 
(Controller/Driver) 
(Controller/Driver) 
HD44100R(Column) 
HD66100F(Column) 
HD66702(LCD- II /E20) 
HD66710(LCD- II /F8) 
HD66712(LCD- II/F12) 



Electrical Type- 
writer, Multifunc- 
tion Telephone, 
Handy Terminal 



Segment 

Display 

System 



B 



HD616O2/HD61604 



(Controller/Driver) (PSlj 



J 



25 Digits 
x1 Column 



HD61602 

(Controller/Driver) 

HD61604 

(Controller/Driver) 

HD61603 

(Controller/Driver) 

HD61605 

(Controller/Driver) 



ECR, Measure- 
ment System, 
Telephone 
Industrial Mea- 
surement System 
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Driver Output 
160 



HD66702 
(LCD-II/E20) 
I H 



Controller/Driver 



HD66712 
(LCD-II/F12) 



HD61603 
HD61605 



-- 80 



HD66710 
(LCD-II/F8) 



HD61604"- 60 
HD61602 



HD44780U 
(LCD-II) 



H — I r— 

1/480 1/200 
Duty 1/240 



— \ r— h- 

1/128 1/64 
1/100 



1/32 1/16 
, HD44103 



HD44105 



HD61103A 



HD61203 



HD66205/ 
HD66215T I 



HD66106F 
HD66107T/HD66115T 



Common Driver 



1/8 



HD66108 



HD61202 



HD61102 



Column Driver 



HD44102 



(Built in RAM) 



-- 40 



20 



-Static- 



H \ H 

1/8 1/16 1/32 



20 
--32 

HD44100R . 
- - |-40 1 



+ 60 

HD66100F 



H — I- 



1/64 1/128 
1/100 



1/200 1/480 
Duty 1/240 



HD61200 



HHD61100A 



80 



HD66204/HD66214T/HD66224T h 



HD66106F 



160 

Driver Output 



Column Driver 



HD66107T/HD66110RT 
I 1 



Selection Guide 



Application 

Character and Graphic Display 

1 character =7 X 8 dot (15 X 7 dot + cursor) 



Character 
Line 


8 


16 


20 


24 


32 


40 


Over 80 


1 










HD66100F 






2 














3 










HD44100R 






4 














6 to 8 
















12 to 15 


HD61200 (Column) + HD61203 (Common) 


16 to 25 






HD66204 (Column) + HD66205 (Common) 
HD66214T/HD66224T (Column) + HD66215T (Common) 


26 to 50 






HD66106F, HD66107T 
HD66110T (Column) + HD661 1 5T (Common) 





Graphic Display 



Horizontal 
Vertical 


48 


96 


120 


180 


240 


480 


Over 640 


16 
32 
48 
64 
128 
400 
Over 400 


HD61202 (Column) + HD61203 (Common) 




HD66204 (Column) + HD66205 (Common) 
HD66214T/HD66224T (Column) + HD6621 5T (Common) 

HD66106F, HD66107T 
HD661 1 0T (Column) + HD661 1 5T (Common) 





Note: Applications on this page are only examples, and this combination of devices is not the best. 
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Differences Between Products 



1. HD66100F and HD44100R 





HD66100F 


HD44100H 


LCD drive circuits 


80 


20x2 


Power supply for internal logic (V) 


3 to 6 


3 to 13 


Display duty 


Static to 1/16 


Static to 1 /33 



Package 100 pin plastic QFP 60 pin plastic QFP 



2. HD61100A and HD61200 





HD61100A 


HD61200 


LCD drive circuits common 






column 


80 


80 


Display duty 


static to 1/128 


1/32 to 1/128 


Power supply for LCD drive circuits (V) 


Oto 17 


8 to 17 


Power supply limits of LCD driver 
circuit voltage 


Vcc to Vee 
(no limit) 


shown in figures below 



Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through 
one of the terminals Yi to Yeo is specified 



under the following conditions: 
V cg -v E e=17V 

V1L=V1R, V3L=V3R=Vcc-2/7 (V C c-V E e) 
V2L=V2R, V4L=V4R=V EE +2/7 (V CC -Vee) 



V1L,V1R - 
V3L.V3R- 
V4L.V4R - 
V2LV2R- 




Ron 



■AAAr 



■VW- 



^Terminal Y 
^(Y^oYso) 



Figure 1 Resistance between Y ard V Terminals 



The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to V1L= 
V1R and V3L=V3R and negative voltage to 



V2L=;V2R and V4L=V4R within the AV ran- 
ge. This range allows stable impedance on 
driver output (Ron). Notice the AV depends 
on power supply voltage Vcc— Vee. 



Vcc 

V1 (V1L=V1R) 
V3 (V3L=V3R) 



V4 (V4L=V4R) 
V2(V2L=V2R) 



Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 



The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




V C c-V EE (V) 
Correlation between Power 
Supply Voltage V CC -V EE and AV 



Figure 2 Power Supply Voltage Range 
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3. HD66100F and HD61100A 





HD66100F 


HD61100A 


LCD driver circuits common 






column 


80 


80 


Power supply for LCD drive circuits (V) 


3 to 6 


5.5 to 17.0 


Display duty 


static to 1/16 


static to 1/128 


Operating frequency (MHz) 


1 .0 MHz (max) 


2.5 MHz (max) 


Data fetch method 


Shift 


Latch 


Package 


1 00 pin Plastic 
QFP (FP-100) 


1 00 pin plastic QFP 
(FP-100) 



4. HD61830 and HD61830B 





HD61830 


HD61830B 


Oscillator 


Internal 


External 


Operating frequency (MHz) 


1.1 MHz 


2.4 MHz 


Display duty 


static to 1/128 


static to 1/128 


Programmable screen size (Max) 


64x240 dots 


128x480 dots 




(1/64 duty) 


(1/64 duty) 


Other 


pin 6:C 


pin 6:CE 




pin 7:R 


pin 7:OE 




pin 9:CPO 


pin 9:NC 



Package Marking ® ® 



Lot No. 



<^3E1 

HD61830A00 



JAPAN 



Type No. 



Lot No. 



® 



<^3E1 

HD61830B00 



JAPAN 



Type No. 
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Figure 3 Package Marking 
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5. HD61102 and HD61202 





HD61102 


HD61202 


Display duty 


static to 1 /64 


1/32 to 1/64 


Recommended voltage between 
V C c and V EE (V) 


4.5 to 15.5 


8 to 17 


Power supply limits of LCD driver 
circuits voltage 


Vcc to Vee (no limit) 


shown in following fig- 
ures 


Pin 88 


DY (output) 


NC (no connection) 


Absolute maximum rating of Vee (V) 


V C c- 17.0 to 
Vcc+0.3 


Vcc~ 19 to 
Vcc+0.3 



Resistance between terminal Y and terminal V (one of V1 L f V1 R, V2L, V2R, V3L, V3R, V4L and V4R) 
when load current flows through one of the terminals Yi to Ye4 is specified under the following 
conditions: 

Vcc-V E e=15V 

V1L=V1R, V3L=V3R=Vcc-2/7 (Vcc-V EE ) 
V2L=V2R, V4L=V4R=V EE +2/7 (V C c-V E e) 



V1L,V1R - 
V3L,V3R • 
V4L,V4R - 

V2L,V2R ■ 



-0^-0- 



Ron 
■A/W 



■AAAr 



AAAr 



Terminal Y 
(Y, to Y 64 ) 



Figure 4 Resistance between Y and V Terminals 



The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to V1L = 
V1R and V3L=V3R and negative voltage to 



V2L=V2R and V4L=V4R within the AV ran- 
ge. This range allows stable impedance on 
driver output (Ron). Notice that AV depends 
on power supply voltage Vcc— Vee. 



AV 



AV 



V cc 

V1 (VI L= 
V3 (V3L= 



Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 



V1 R) 
V3R) 



V4(V4L=V4R) 
V2 (V2L=V2R) 
V EE 



5.0 



> 

<3 



The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




8 

Vcc-Vee(V) 
Correlation between Power 
Supply Voltage V C c-V EE and AV 



17.0 



Figure 5 Power Supply Voltage Range 
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6. HD61103A and HD61203 





HD61103A 


HD61203 


Recommended voltage between 
V CC and V EE (V) 


4.5 to 17 


8 to 17 


Power supply limits of LCD drive 
circuits voltage 


Vcc to Vee (no limit) 


shown in figures below 


Output terminal 


shown in following figure 4 


shown in following figure 5 



Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals XI to X64. This value is 
specified under the following conditions: 



V cc -Vee=17V 

V1L=V1R, V6L=V6R=Vcc-l/7 (Vcc-Vee) 
V2L=V2R, V5L=V5R=V E e+1/7 (Vcc-Vee) 



V1L,V1R - 
V6L,V6R ■ 
V5L,V5R - 
V2L,V2R - 



Ron 

AW 



■AAAr 



-AA/V 



Terminal Y 
(Y, to Y 64 ) 



Figure 6 Resistance between Y and V Terminals 



Here is a description of the range of power 
supply voltage for liquid crystal display drive. 
Apply postive voltage to V1L= V1R and V6L = 
V6R and negative voltage to V2L=V2R and 



AV 



AV 



Vcc 

V1 (V1L,=V1R) 
V6 (V6L=V6R) 



V5(V5L=V5R) 



V2 (V2L=V2R) 
Vee 



Figure 7 Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 



V5L=V5R within the AV range. 
This range allows stable impedance on driver 
output (Ron). Notice that AV depends on 
power supply voltage Vcc-Vee. 



3.5 



The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




Vcc-Vee (V) 



Figure 8 Correlation between Power 
Supply Voltage Vcc-Vee and 
AV 



20 



HITACHI 



Differences Between Products 




-O V1L.V1R 



""""} [ PMOS 

Vcc 



-O V6L,V6R 



-O V5L.V5R 



J f I NM0S 
V EE 



-O V2L,V2R 



Figure 10 HD61203 Output Termiral 



Figure 9 HD61103A Output Termiral 
7. HD61602, HD61603, HD61604, and HD61605 





HD61602 


HD61603 


HD61604 


HD61605 


Power supply (Vdd) 


2.2-5. 5V 


2.2-5.5V 


4.5-5. 5V 


4.5-5.5V 


Instruction word 


8 bits x 2 


4 bits x 4 


8 bits x 2 


4 bits x 4 


LCD power supply circuit 


Yes 








Segment terminals 


51 


64 


51 


64 


Display size Static 


6 digits + 3 marks 


8 digits 


6 digits + 3 marks 


8 digits 


frame frequency 


33Hz 


33Hz 


98Hz 


98Hz 


(fosc=100 kHz) 1/2 duty 


1 2 digits + 6 marks 




1 2 digits + 6 marks 






65Hz 




195Hz 




1/3 duty 


1 7 digits 




1 7 digits 






208Hz 




521Hz 




1 /4 duty 


25 digits + 4 marks 




25 digits + 4 marks 






223Hz 




781 Hz 
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8. LCD-II Family (HD44780U, HD66702R and HD66710) 



Item 


LCD-II 
(HD44780U) 


LCD-ll/20 
(HD66702) 


LCD-II/F8 
(HD66710) 


Power supply voltage 


2.7 V-5.5 V 


5 V±10% 
(standard) 


2.7 V-5.5 V 






2.7 V-5.5 V (low voltage) 


Liquid crystal drive 
voltage Vlcd 


3.0 V to 11 V 


3.0 V to 7.0 V 


3.0 V to 13.0V 


Maximum display 
digits per chip 


8 characters 
x 2 lines 


20 characters 
x 2 lines 


1 6 characters x 2 lines/ 
8 characters x 4 lines 


Segment display 


None 


None 


40 segments 


Displaye duty cycle 


1/8, 1/11, and 1/16 


1/8, 1/11, and 1/16 


1/17 and 1/33 


CoROM 


9,920 bits 
(208: 5 x 8 dot 
characters and 
32: 5 x 10 dot 
characters) 


7,200 bits 
(160: 5 x 7 dot 
characters and 
32: 5x10 dot 
characters) 


9,600 bits 
(240: 5 x 8 dot 
characters) 


CGRAM 


64 bytes 


64 bytes 


64 bytes 


DDRAM 


80 bytes 


80 bytes 


80 bytes 


SEGRAM 


None 


None 


8 bytes 


Segment signals 


40 


100 


40 


Common signals 


16 


16 


33 


Liquid crystal drive waveform 


A 


B 


B 


Number of displayed 
lines 


1 or 2 


1 or 2 


1,2, or 4 


Low power mode 


None 


None 


Available 


Horizontal scroll 


Character unit 


Character unit 


Dot unit 


CPU bus timing 


2 MHz (5-V operation) 
1 MHz (3-V operation) 


1 MHz 


2 MHz (5-V operation) 
1 MHz (3-V operation) 


Package 


QFP1 420-80 
80-pin bare chip 


LQFP2020-144 
1 44-pin bare chip 


QFP1 420-1 00 
1 00-pin bare chip 



Segment 



Common-segment 



buuuuui 



1 frame 



Common 



n 



Segment 



fl 





h 








Common-segment 








P-i 




1 frame 




frame 





Figure 11 Waveform A (1/3 Duty, 1/3 
Bias) 



Figure 12 Waveform B (1/3 Duty, 1/3 
Bias) 
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9. HD66204, HD66214T and HD66224T 





HD66204 


HD66214T 


HD66224T 


Datainput (bit) 


4 


4 


4/8 


Packge 


100-pin plaslic QFP 
FP-100, TFP-100 
Die 


TCP 


TCP (8mm) 


10. HD66205, HD66215T and HD66115T 








HD666205 


HD66215T 


MD66115T 


LCD drive circuits 


80 


100/101 


160 


Power supply for LCD drive circuits (V) 


-10to-28(V cc -V EE ) 


-10 to -28 (V cc 


-V EE ) +14 to +40 (Vlcd-GND) 


11. HD66106F and HD66204 


HD66106F 




HD66204 


LCD drive circuits voltage 


+ 14 to +35 (Vlcd-GND) 


-10 to -28 ( Vcc- Vee) 


Display Duty 


1/100 to 1/400 




1 /64 to 1 /200 


Operating frequency (MHz) 


6.0 MHz 




8 MHz 


Function 


column and common driver 


column driver 


12. HD66106F, HD66107T and HD66110RT 








HD66106F 


HD66107T 


HD66110RT 


LCD drive circuits 


80 


160 


160 


Data transfer 


4-bits 


4/8-bits 


4-bits/o-bits 


Operating frequency (MHz) 


6 


8 


1 2 


Power supply for LCD drive circuits 


14 to 37 


14 to 37 


28 to 40 


Packge 


100-pin plastic 
QFP (FP-100A) 


TCP 


TCP (9mm) 


13. HD63645, HD64645 and HD64646 






HD63645F 


HD64645F 




HD64646FS 


CPU interface 68 family 


80 family 




80 family 


Package 80-pin plastic 
QFP (FP-80) 


80-pin plastic 
QFP (FP-80) 


80-pin plastic 
QFP (FP-80A) 


Other 






HD64646 has another LCD 
drive interface in HD64645 
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Package Information 



The Hitachi LCD driver devices use plastic flat density mounting by utilizing the features of thin 
packages to reduce the size of the equipment in liquid crystal display elements, 
which they are incorporated and provide higher 



Package Dimensions 



Scale: 3/2 



FP-54 









20 










49 


33 








niiiiifliiiiiiiiymiK 






50 








32 


* 
■1 

«- 

n 


54 
1 


B 










, 5 


BBS 










22 


0.35±0.10 ) 








-rdimmnnnmrK. 



il'umnnrfr 



1.7±0.3 



0~10* 



Code 


FP-54 


EIAJ 




JEDEC 





Applicable LSI 



HD43160AH 
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FP-60 



55 



25.610.4 
20 



54 



36 



0.3510.10, 



35 




"24 



23 



a 



rfdnnnnnnnnnnnnnnnnc 



(innnnrnnnnnnfr 



1.7±0.3 



0-10° 



Code 


FP-60 


EIAJ 




JEDEC 





Applicable LSI 



HD44103, HD44105, 
HD61830, HD61830B 



FP-60A 



55 



24.810.4 

( 20 

llnnnmBnnBnnnnnnBn 



0.3510.10, 



35 




fflimi™ 

23 

<-mo.2o\m 



"24 



itinnnnmnnnnnnnnnrh 



-rnmnryinmnnmn 



(m i no i i i nm i iinih L^ oJ 



1.2±0.2, | . 



Code 


FP-60A 


EIAJ 


SC-582-F 


JEDEC 





Applicable LSI 



HD44100R 



HITACHI 



25 



Package Information 



FP-80 



65 



2S.6±0.4 
20 



14 



41 



311 



0.35±0.10. 



40 




a 25 



24 



^nnnnnnfinnnnm 



1.7±0.3 



Code 


FP-80A 


EIAJ 




JEDEC 





Applicable LSI 



HD61602, HD61603, HD61604, HD61605, 
HD63645, HD64645, HD44102 



FP-80A 



17.2±0.3 




Code 


FP-80A 


EIAJ 




JEDEC 





Applicable LSI 



HD61602 
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FP-80B 



24.810.4 





(lAiiiniuiiiiuiitiiiijnuuuinnnrjjnrj: 



j iiniiiiiiipoiioiiiii 



•(ninnnnnniH^- 



1,3*0 .2, 



Code 


FP-80B 


EIAJ 




JEDEC 





Applicable LSI 



HD64646, HD44780U 



TFP-80 





ni4.o 








J 60 


41 


61 

> 

; 

i 






40 




> 








fuil 


> 








Uo 










lot 


80 


Smnn 




21 




1 I 20 
-k3J U*l0.13lfll 




Code 


TFP-80 


EIAJ 




JEDEC 





Applicable LSI 



HD44780U 
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FP-100 



25.6±0.4 





knnnnnnnnnnnnniKJj 00 

1.7±0.3 



Code 


FP-100 


EIAJ 




JEDEC 





Applicable LSI 


HD61100A, HD61102, HD61103A, HD66204, HD66205, 
HD61 200, HD61 202, HD61 203, HD661 OOF 





FP-100A 



24,810.4 




Code 


FP-100A 


EIAJ 




JEDEC 





Applicable LSI 



HD66106F, 
HD66710 
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FP-100B 





c D14 »l* 




75 51| 


76 

* 
> 






50 


> 








» 






4= 


100 






26 





0-10 



Code 


FP-100B 


EIAJ 




JEDEC 





Applicable LSi 



HD66100F 



TFP-100 



76 



100 



15.610.3 



□14.0 



50 



26 



0.5010.10. 



0.80 



Em 



0L30 




0-5" 



Code 


TFP-100 


EIAJ 




JEDEC 





Applicable LSI 



HD66204, HD66205, HD61202, HD61203 
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1. Damage from Static Electricity 

Semiconductor devices are easily damaged by 
static discharges, so they should be handled and 
mounted with the utmost care. Precautions are 
discussed below. 

LI Work Environment 

Low relative humidity facilitates the accumulation 
of static charge. Although surface mounting pack- 
age devices must be stored in a dry atmosphere to 
prevent moisture absorption, they should be 
handled and mounted in a work environment with 
a relative humidity of 50% or greater to prevent 
static buildup. 

1.2 Preventing Static Buildup in Handling 

1. Avoid the use of insulating materials that easily 
accumulate a static charge in workplaces where 
mounting operations are performed. In particu- 
lar, charged objects can induce charges in semi- 



conductors and finished PC boards even without 
direct contact. Recommended measures include 
the use of anti-static work garments, conductive 
carrier boxes, and ionized air blowers. 

2. Ground all instruments, conveyors, work bench- 
es, floor mats, tools, and soldering irons to 
prevent the accumulation of static charges. Lay 
conductive mats (with a resistance on the order 
of 10 9 CI to 10 n Q) on workbenches and floors 
and ground them. (See figure 1.) 

3. Personnel should wear grounding bracelets on 
their arms or legs. To prevent electric shocks, 
insert a resistor of 1 MD. or greater in series as 
shown in figure 2. 

4. If soldering irons are used, use low voltage 
(12 V to 24 V) soldering irons designed for use 
with semiconductors. Ground soldering iron tips 
as shown in figure 3. 




High resistance conductive mat (grounded) 

@ Personal ground (bracelet) 

(D High resistance conductive mat (grounded) 

© Humidifier 

(5) Anti-static work clothes 

(f) Anti-static shoes 



Figure 1 Static Electricity Countermeasures for Semiconductor Handling 
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13 Preventing Semiconductor Discharges 

Semiconductors are not damaged by static charges 
on the package or chip itself. However, damage 
will occur if the lead frame contacts a metal object 
and the charge dissipates. Grounding the metal 
object does not help in this situation. 

The following measures should be taken. 

1. Avoid contact or friction between semiconduc- 
tors and easily charged insulators. 

2. Avoid handling or working with semiconductors 
on metal surfaces. Semiconductors should be 
handled on grounded high resistance mats. 

3. If a semiconductor may be charged, do not 
allow that device to contact any metal objects. 



1.4 Precautions during Mounting 

1. Grounded high resistance mats must be used 
when mounting semiconductors on PC boards. 
Ground mats before handling semiconductors. 
Particular caution is required following conduc- 
tivity testing, since capacitors on the PC board 
may retain a charge. 

2. PC boards can also acquire a static charge by 
contact, friction, or induction. Take precautions 
to prevent discharge through contact with trans- 
port boxes or other metal objects during trans- 
portation. Such precautions include the use of 
anti-static bags or other techniques for isolating 
the PC boards. 



Metal or conductive material 




Figure 2 Personal Ground 




Figure 3 Soldering Iron Grounding Example 
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2. Precautions Prior to Reflow 
Soldering 

Surface mount packages that hold large chips are 
weaker than insertion mount packages. Since the 
whole package is heated during the reflow opera- 
tion, the characteristics described below should be 
considered when determining the handling used 
prior to reflow soldering and the conditions used in 
the reflow operation. 

2.1 Package Cracking Mechanism in Reflow 
Soldering 

Packages that have absorbed moisture are thought 
to crack due to the mechanism shown in figure 4. 
Moisture absorbed during storage diffuses through 
the interior of the package. When a package in this 
state is passed through the reflow furnace, that 
moisture rediffuses. Some of it escapes along the 
boundary between the resin and the frame. This 
can lead to boundary separation. As the pressure in 
this space increases the resin warps, finally result- 
ing in a crack. 

The Fick diffusion model can be used to calculate 
the diffusion of moisture in resin: 

3C(x,t) =pft ffCfct) 



The volume of moisture absorbed by the package 
can be expressed as follows: 

Q(t) = jC(x,t)dx 

The increase in internal pressure can be calculated 
from the moisture diffusion during reflow heating 
by using the C (x, t) function. 

Figure 5 shows the relationships between the maxi- 
mum stresses when packages of various moisture 
absorption states are heated, the adhesion strength 
between the resin and frame at various tempera- 
tures, and the strength of the resin itself. While this 
model indicates that cracks will result in this 
example when the moisture absorption ratio 
exceeds 0.2 wt% in a VPS (vapor phase soldering 
at 215°C) process, actual tests show that cracks 
result in packages with a moisture absorption ratio 
of 0.25 wt%. This indicates that the model is valid. 

Therefore moisture management should focus on 
the moisture content in the vicinity of the frame. 



HITACHI 



33 



Notes on Mounting 



Storage 




Moisture 




absorption 



o- 







Vaporization of 




Solder reflow 




internal moisture 








content 





Boundary 
separation 



Expansion 



Cracking 



dt dx 2 
c: Package internal moisture 

density 
D: Water diffusion coefficient 

1 mol H2O 
-> 22.4^/latm 
pV = nRT 

o (T )>fad (T) 

fad: Resin bonding strength 
o: Generated stress 



» W max = a -2— P 
Eh 3 

a: Form coefficient 
E: Resin Young's modulus 
P: Internal pressure 
a: Tab shorter dimension 
h: Thickness of the resin 
under the tab 



<>max » > F (T) 

F (T): Resin strength 
B: Form coefficient 




Frame 





Crack 



Figure 4 Package Crack Generation Mechanism 
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3. Recommended Soldering Conditions 

Soldering temperature stipulations must be fol- 
lowed and the moisture absorption states of plastic 
packages must be carefully monitored to prevent 
degradation of the reliability of surface mount 
packages due to thermal shock. This section pre- 



sents Hitachi's recommended soldering conditions. 
3.1 Recommended Soldering Temperatures 
See table 1. 



Table 1 Recommended IC Soldering Temperatures 
Method Recommended Conditions 



Notes 



Vapor-phase reflow 



cd p 

S3 

(o gs 

8>2L 
j? E 

"5 © 



215°C 



30 s, 

maximum 



140to160°C 




1 to 5°C/s 



Time 



Infrared refiow 
Hot-air reflow 



0) © 



235°C, 
maximum 



140 to160°C 




1 to 4°C/s 



1 to 5°C/s 



Since TSOP, TQFP, and 
packages whose body 
thickness is less than 
1 .5 mm are especially 
vulnerable to thermal shock, 
we recommend limiting the 
soldering conditions to 
a maximum temperature of 
230°C for a maximum time 
of 1 seconds for these 
packages. 



Time 
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4. Moisture Absorption Prevention 
Conditions 

Plastic packages absorb moisture when stored in a 
high humidity. If devices are mounted using solder 
reflow techniques when they have absorbed mois- 
ture they are susceptible to reflow cracking. 
Products that are particularly susceptible to the 
influence of absorbed moisture are packed in 
moisture-proof packing. These products should be 
handled under the following conditions after 
opening the moisture-proof packing. 

4.1 Storage and Handling after Opening 
Moisture-Proof Packing 

Storage temperature: 5°Cto30°C 

Storage humidity: Under 60% relative humidity 

Time between unpacking and reflow soldering: 

1. If specified on the label attached to the 
moisture-proof packing, or in the delivery 
specifications: follow those specifications. 

2. If not specified on the label attached to the 
moisture-proof packing or in the delivery speci- 
fications: perform reflow soldering within 
168 hours (one week) with the product stored 
under the conditions specified above. 



4.2 Baking 

4.2.1 Baking is Required in the Following 
Situations 

1. If the desiccant indicator has turned pink. 

2. If the storage period following unpacking 
exceeds the specifications for that period. 

4.2.2 Recommended Baking Conditions 

1. TSOP and TQFP: 125°C for 4 hours 

2. Packages other than TSOP and TQFP: 125°C 
for 16 hours to 24 hours 

3. If specified in the delivery specifications or 
other documentation, follow those specifications. 

4.2.3 Other Points 

Use heat-proof trays in the baking operation. 
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Surface Mounting Package Han- 
dling Precautions 

1. Package temperature distribution 

The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package directly 
exposed to the infrared heat source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package unless precautions are taken. As 
shown in the example in figure 6, the surface 
directly facing the infrared heat source is 20° 
to 30°C higher than the leads being soldered 
and 40° to 50°C higher than the bottom of the 
package. If soldering is performed under 
these conditions, package cracks may occur. 

To avoid this type of problem, it is recom- 
mended that an aluminum infrared heat 
shield be placed over the resin surface of the 
package. By using a 2 -mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 175°C when the peak 
temperature of the leads is 240°C. 



100 - 



(Resin) lnfrared ra V s 
\ , (Surface) 




60sec 



30sec 



time (sec) 



Figure 6 Temperature Profile During 
Infrared Heat Soldering 
(Example) 



2. Package moisture absorption 

The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. If this moisture absorption 
becomes excessive, there will be sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread apart. In extreme cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 

To remove any moisture absorbed during 
transportation, storage, or handling, it is 
recommended that the package be baked at 
125°C for 16 to 24 hours before soldering. 

3. Heating and cooling 

One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 
method is used with plastic items, there is 
thermal shock resulting in package cracks 
and a deterioration of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 
Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4°C/ 
sec is recommended. 

4. Package contaminants 

It is recommended that a resin-based flux be 
used during soldering. Acid-based fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 
must be taken. 

The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. 

For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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Features of TCP (TAB Technology) 



Flexible Design 



The structure and materials used by Tape Carrier 
Package (TCP) give it the following features as 
compared with conventional packages: 

Thin, Lightweight, and Fine Pitch 

With thickness less than 1 mm and fine-pitch leads, 
a reduced pad pitch on the device enables more 
functionality in a package of equivalent size. 
Specifically, these features enable: 

• Thin and high definition LCM (Liquid Crystal 
display Module) 

• Lightweight and ultra-high pin count systems 



The following can be tailored to the design of the 
system (e.g. mother board design): 

• Pattern layout 

• TCP design 



TCP Applications 

Thinness, ultra-high pin count, and fine pitch open 
up new possibilities of TCP applications for com- 
pact and highly functional systems. Figure 1 shows 
some applications of TCP-packaged chips. 



Personal computers; 
word processors 



LCD*driver 




LCD modules 




Calculators and 


> 




organizers 



Memory 




Memory cards 





Workstations 



Computers 



Figure 1 Examples of TCP-Packaged Chip Applications 
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Hitachi TCP Products 

TCP for Hitachi LCD Driver 

Hitachi offers tope-carrier-packaged LCD drivers 
for LCD modules ranging from miniature to large 
sizes. Table 1 shows some examples of standard 
tape carrier packages for LCD drivers. Hitachi 
LCD drivers combine a device that can withstand 



high voltages and provide high definition with a 
tape carrier package that promises excellent relia- 
bility, making possible applications that would not 
be feasible with a conventional QFP. For material 
specifications of the products in table 1, see 
table 3. 



Table 1 TCPs for Hitachi LCD Drivers 
Function 



Appearance 



Signal Product 
Application Drive Output Code 



Total Pin 

Count 

(Output) 



Outer 

Lead 

Pitch 



Remarks 



TFT Column Analog 

only 




HD66300T00 156(120) 0.3 mm 



Medium- 
size 
liquid 
crystal 



Column Digital 
and 

common 




Built-in controller 
(on-chip RAM) 



HD661 08T00 208 (1 65) 0.4 mm 



Large Column Digital 

liquid and 
crystal common 




Outer lead pitch: 
0.08-mm products 
are also available 



HD66110TA8 191(160) 0.14 mm 



Large 
liquid 
crystal 



Common Digital 
only 




Outer lead pitch: 
0.15-mm, 0.18-mm, 
0.20-mm or 0.25-mm 
products are also 
available. 



HD66205TA9L 92 (80) 



0.22 mm 



Large 
liquid 
crystal 



Column Digital 
only 




Outer lead pitch: 
0.18-mm, 0.20-mm, 
products are also 
available. 



HD66214TA9L 98(80) 



0.22 mm 



Large 
liquid 
crystal 



Column Digital 
only 




Outer lead pitch: 
0.20-mm products 
are also available. 



HD66224TA1 108(80) 



0.21 mm 
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TCP External View and Cross-Sectional Structure 



TCP Components 



Outer lead for output 



Test pad 



Wiring 



Solder resist 



Outer lead hole 



□ □□□□□□ 




User area 



Sprocket hole 
(perforation) 



Resin 



LSI chip 



Base film 



Outer lead for input 



Cross-Sectional Structure 

Solder resist 



Resin 





Copper foil 



1\ k\\\VS\\\Sgg 
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LSI chip 




Adhesive 



Bump (Au) 
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TCP Materials and Features ordering manual [ADE-801-001 (O)]. 

TCP Material Specifications: Table 2 lists Table 3 lists current material specifications for 

Hitachi TCP material specifications. Ask us if you various Hitachi products, 
require other materials. In this case, use TCP 



Table 2 Hitachi TCP Material Specifications 



No. 


Item 


Specifications 


1 


Base film 


UPILEX® S-type: thickness 75 \im ±5 \im 
KAPTON® V-type: thickness 125 or 75 \im ±5 y.m 


2 


Adhesive 


Toray#5900 
TOMOEGAWA E-type 


3 


Copper foil 


Rolled copper: thickness 35 or 25 urn ±5 urn 
Electro-deposited copper: thickness 35 or 25 u.m ±5 u.m 


4 


Resin 


Epoxy resin 


5 


Outer lead plating 


Tin 


6 


Solder resist 


Epoxy solder resist 



Cross-sectional view 




Table 3 Material Specifications for Hitachi Products 

Outer Lead 



Product Code 


Application 


Base Film 


Adhesive 


Copper Foil 


Plating 


HD66300T00 


TFT 


KAPTON® V 


Toray #5900 


Rolled copper 


Tin 


HD66108T00 


Large liquid 
crystal 


KAPTON® V 


Toray #5900 


Rolled copper 


Tin 


HD66110TA8 


Large liquid 
crystal 


UPILEX® S 


TOMOEGAWA 
E-type 


Electro-deposited 
copper 


Tin 


HD66205TA9L 


Large liquid 
crystal 


UPILEX® S 


Toray #5900 


Rolled copper 


Tin 


HD66214TA9L 


Large liquid 
crystal 


UPILEX® S 


Toray #5900 


Rolled copper 


Tin 


HD66224TA1 


Large liquid 
crystal 


UPILEX® S 


TOMOEGAWA 
E-type 


Electro-deposited 
copper 


Tin 
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Properties of Materials: Properties of Hitachi 
TCP materials are as follows. 

1. Base film 

The properties of base film are shown in table 4. 
Hitachi currently adopts UPILEX®S, which 
exhibits high rigidity and super dimensional 
stability with respect to temperature changes 
compared with conventional KAPTON® V. 



2. Copper foil (copper wiring) 

The properties of rolled foil and electro-deposit- 
ed foil are shown in table 5. Hitachi plans to 
adopt electro-deposited foil due to its excellent 
elongation properties at room temperature (RT) 
compared with conventional rolled foil. 



Table 4 Properties of Base Film (See references 1 and 2, page 28) 

UPILEX®S KAPTON®V 
Property (Ube Industries, Ltd.) (Du Pont-Toray Co., Ltd.) 

Coefficient of To100°C 0.8 — 
lir^pansion - ■ - 
x 10~ 5 /°C ' 

Tensile modules (kgf/mm 2 ) 900 355 



Table 5 Properties of Copper Foil (See reference 3, page 28) 



Property 


Sampling 
Condition 


Rolled Foil 
(Hitachi Cable, Ltd.) 
CF-W5-1S-LP 


Electro-Deposited Foil 

(Mitsui Mining & Smelting Co., Ltd.) 

3EC-VLP 


Tensile strength at RT 
(kgf/mm*) 


Raw foil 


43.0 


54.9 


Elongation at RT 
(%) 


Raw foil 


1.0 


10.1 


Tensile strength at 180°C 
(kgf/mm2) 


Raw foil 


23.4 


25.4 


Elongation at 180°C 
(%) 


Raw foil 


7.7 


7.0 



Note: Data from film suppliers. 

Number of measured samples: 2 pieces each 
1 kgf/mm2 « 9.80665 MPa 
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3. Adhesive 



peeling strength. 



The relationship between peeling strength 
(adhesive/electro-deposited foil) and lead width 
is shown in figure 2. Hitachi adopts the follow- 
ing two combinations because of their higher 



— Adhesive TOMOEGAWA E-type/electro- 

deposited foil 
— - Adhesive Toray #5900/rolled foil 



12 - 



10 - 



I 




o 
o 

i 


8 






1 


6 


1 








4 


I 

* 








Adhesive 


Copper foil 


A 


TOMOEGAWA 
E-type 


Electro-deposited 
foil 


O 


Toray #5900 


Rolled foil 


□ 


TOMOEGAWA 
E-type 


Rolled foil 



40/40 60/60 80/80 100/100 
(80 pm) (120 Jim) (160 pm) (200 pm) 

Line width/space (urn) 
(pattern pitch) 



— How to measure — 



Copper foil 




Measuring method: 90° peel 
Measuring condition: 25°C 
Number of measured samples: 
Five pieces are measured for each 
specification, and two leads are 
measured for each piece. 



Figure 2 Relationship between Peeling Strength and Lead Width 
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Fine-Pitch Bump Formation 

Bumps are essential in TCP products; they are the 
foundation of TAB technology and have excellent 
corrosion resistance in their structure. When the 
current trend toward high-performance chips with 
ultra-large pin-out began driving pad counts 



upward (and reducing pad pitch), Hitachi was 
quick to develop a volume production process for 
forming fine-pitch humps. 

Figure 3 shows the Hitachi TCP bump structure. 
Figure 4 shows a flowchart of the bump formation 
process. 



Straight-Wall Bumps (Fine-Pitch) 




Notes: 1. UBM: Under Bump Metal 
2. Case of 80-iim bump pitch 



Figure 3 Hitachi TCP Bump Structure 







Al photolithography 




I 




Passivation 




I 




Through-hole photolithography 




1 : H 




UBM evaporation deposition 




I vl> 




Bump photolithography 






I 

Gold plating 


Bump formation process 


I 




Remove resist 




I 




UBM etching 







Figure 4 Bump Formation Flowchart 
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TCP Fabrication Flow 

TCP Tape: TCP tapes are purchased from tape 
manufacturers. In many cases, the quality of TCP 
products depends critically on the quality of the 
tape, so in addition to evaluating constituent mate- 
rials, Hitachi strictly controls the stability of the 
tape fabrication process. 



TCP Fabrication Process: The TCP fabrication 
process starts from wafers (or chips) with bumps, 
and a patterned tape. After being bonded by a high- 
precision inner lead bonder, the chips are sealed in 
resin. Figure 5 shows the standard fabrication pro- 
cess for TCPs used in Hitachi LCDs. 



Wafer 



Bump formation 



i 



i 



Sealing 



Marking 



Inspection 



Bump (gold) 



] 




TCP tape 



Silicon chip 



Pelletizing I 



Inner lead bonding 



Inner Lead Bonding 

This step bonds the bumps on the chips to the inner leads formed by 
patterning. Gang bonding has been adopted as a standard procedure at 
Hitachi. 

Sealing 

Chips are sealed in resin to ensure inner lead bonding strength. 
The standard bonding process employs a potting liquid resin which 
seals the chip. 

Inner lead 



Shipping and packing 



Resin mne j" 




Copper foil 



Figure 5 Standard Fabrication Process for TCPs Used in Hitachi LCDs 
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Packing 



the solderability of lead plating. 



Packing Format: TCP products are packed in 
moisture-proof packages. A reel wound with TCP 
tape is sealed in an opaque antistatic sheet with N 2 
to protect the product from mechanical shock and 
then packed into a carton before delivery to ensure 



Labels which indicate the product name, quantity, 
and so on are placed on the reel, antistatic sheet, 
and carton. Figure 6 shows the TCP packing 
format 



Reel 



Label 




Label 



r 






J 




Shock absorber 



Carton 



Label on the carton side 



46 



Figured Packing Format 
HITACHI 



TCP 



Tape Specification: 

1. TCP tape — 40 m 

2. Lead tape — 2 +1/-0.5 m added to both ends of 
the TCP 

3. Conductive tape — 40 m 

4. Separator — 40 m 

5. Width of tape — 35 mm 



Note: The lengths of the TCP tape, conductive 
tape, and separator may vary slightly 
depending on the quantity of the product on 
the tape. 

Reel Specification: Figure 7 shows reel dimen- 
sions. 

For recycling purpose, we would appreciate it if 
you return the reel and separator to us after use. 
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TCP Winding Direction: Figure 8 shows one way 
of winding TCPs. The combination of two product 
directions when pulling it out from the reel and 
placement of the patterned face on either the front 
or back of the tape makes for four types of TCP 
winding directions. 



The winding direction is an essential specification 
which affects the chip punching machine and 
assembly equipment during the packaging process. 
As the wind direction differs according to the prod- 
uct, please check the delivery specification before 
using TCP. 




Figure 8 Example of TCP Winding Direction 
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TCP Mounting Methods 

TCP Mounting Structure Basic Mounting Process 

Typical example of an LCM structure using TCPs See figure 10. 
is illustrated in figure 9. 




PCB* 



Note: * PCB: Printed Circuit Board 



Figure 9 LCM Structure 



ACF* 




< C TCP 2 > 




Punching 



ACF applied 



Cringle TCP^> 



TCP Prepress 



Thermocompression bonding 




Repair 



Repair 



Note: * ACF: Anisotropic Conductive Film 



Figure 10 TCP OLB (Outer Lead Bonding) Basic Flowchart 
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Process Outline 

An outline of LCM assembly process using TCPs 
is given in figure 11. 



ACF applied 




ACF 



LCD panel 



Applies ACF on LCD glass panel 
by thermal pressing. 



TCP prepress 




Aligns the LCD panel and TCP 
patterns and temporarily 
connects them by low 
temperature and low pressure. 



TCP 



Thermo-compression 
bonding 




Thermocompresses multiple 
TCPs to the LCD panel, which 
have been temporarily 
connected, by high temperature 
and high pressure either 
individually or all together. 



Soldering 




Joins output leads of TCPs and 
PCB patterns by soldering. 



PCB 



Figure 11 Outline of LCM Assembly Process 
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TCP Mounting Conditions 

Mounting TCPs on LCD Panels (See reference 4, 
page 28): ACF is an adhesive film that can connect 
electrodes on an LCD glass panel with output leads 
of TCPs. There are two types of ACFs: 

• One whose thermosetting and thermoplastic 
properties make handling easier (such as in 
repair) and reduces the stresses caused by tem- 
perature changes. 

• One whose thermosetting properties provide 



low connection resistance and high thermosta- 
bility. 

Please select ACF depending on the type of appli- 
cation. 

1. Selection of ACF thickness 

An appropriate ACF thickness must be selected 
depending on the height, line width and space 
width of the circuit to be connected; a rough 
calculation formula for obtaining a proper ACF 
thickness is shown below. 



Electrode 


< P > 










<— S 2 — > 




C 



-Glass substrate 




-Copper foil (circuit) 

Adhesive 
Base film 



St +S 2 



ACF thickness before connection t - x T + 1 1 + a 

P 

tj : ACF thickness after connection (2 urn) 
T: Circuit height 
P: Pitch 

S-,: Space width (top) 
S 2 : Space width (bottom) 
a: Correction value 

AC-6073, AC-61 03 — 0.1 5T 

AC-71 04, AC-71 44 — 0.25T 



Incomplete filling can occur in the space If ACF thickness is too thin, while if too thick, connection 
reliability becomes poor since conductive particles are not flattened out. It is necessary to select an 
appropriate ACF thickness. Some adjustment of ACF thickness can be controlled by bonding 
conditions (especially pressure). 
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2. Laminating and bonding conditions 

It is necessary to optimize bonding conditions 
according to ACF, TCP and glass panel specifi- 
cations. The bonding conditions adopted by 



ANISOLM® (Hitachi Chemical Co., Ltd.) are 
shown in table 6 for reference. Please determine 
your optimum bonding conditions based on the 
following. 



Table 6 Bonding Conditions of ANISOLM® 



Item 


Unit 


Mixture off 
Thermosetting and 
Thermoplastic 


Thermosetting 


Remarks 


AC-6073 


AC-6103 


AC-7104 


AC-7144 


Standard 
specifica- 
tions 


Min. pitch 


Une 


Resolution 


fim 


Une/ 
mm 


70 


7 


50 


10 


50 


10 


35 


14 




Space 


jxm 


70 


50 


50 


35 


Thickness 


jim 


22 


22, 18 


25 


16 




Width 


mm 


3, 2.5, 2 


3, 2.5, 2 




Length 


m 


50 


50 




Color 




Transparent (gray) 


Transparent (gray) 




Core diameter 


mm 


18.5 


18.5 




Bonding 
conditions 


Laminating 


Temperature 


°C 


80 to 100 


70 to 90 


Temperature on 
ANISOLIV*8> 


Pressure 


MPa 


1 


1 




Time 


s 


5 


5 




Bonding 


Temperature 


°C 


170 to 190 


160 to 180 


Temperature on 
ANISOLM^ 


Pressure 


MPa* 


2 


2 


3 




Time 


s 


20 


20 





Note: * 1 MPa « 1.01972 x 10- 1 kgf/mm2 
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Measuring Method of ACF Temperature Profile (example) 




Thermocouple^ 



Heating head 
- Silicone rubber (0.2 to 0.3mm) 
- Teflon film (25 to 50fim) 

Copper foil 
Glass plate 




Final temperature 



20 s Time(s) ^ 

Temperature after 5 sec should be over 90% of final 
temperature (°C) 



Figure 12 Bonding Temperature Profile 
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Soldering Conditions: Solder TCPs on the PCB 
under the following conditions. If soldering tem- 
perature is low, solder may not melt. However, if 
soldering temperature is too high, solder may not 
adequately spread over the leads owing to their 
oxidized surfaces, and/or the leads plating may 
become attached to the heating collet. In the latter 



case, copper foil of leads may become exposed. 
Please determine adequate soldering conditions for 
mass production carefully. 

• Soldering temperature (at solder joint): 230 to 
260°C 

• Soldering time: 10 seconds max. 



s 

I 

E 



230to260°C 


/ 




i\ 



Time (second) 



Note 1: Temperature at solder joint is normally 30 to 50°C lower than the heating collet tempera- 
ture. Soldering temperature has a great impact on the quality of the products. Operating 
conditions should therefore be specified after examining the temperature relationship 
between the tip of the heating collet and solder joint. 
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Note 2: In case of soldering quad type TCPs, please fix the TCPs using vacuum collets or equiva- 
lent to prevent base film warpage and circuit position misalignment. 



Vacuum collet 




inn n mimum i minium 1 1 i r 
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Storage Restrictions 

1. Packed TCP products should be used within six 
months. 

2. TCP products removed from the antistatic sheet 
should be stored in N 2 having a dew point of 
-30°C or lower. However, they should be used 
as soon as possible after removal, because sol- 
derability of leads plated with Sn or solder 
decreases with time. 

Handling Precautions 

Electrical Handling 

1. Anti-electrostatic discharge measures 

TCP products require the following care beyond 
what is required for non-TCP products. 

• Give special attention to ion-blow and 
grounding especially when removing TCP 
products from the reel, since they easily col- 
lect static electricity because of the base film. 
If TCP products become charged, discharge 
the electricity little by little using the ion- 
blow; rapid discharge may damage the 
devices. 

• Handle the product so that static electricity is 
not applied to outer leads. Depending on the 
equipment used, this may require taking 
proper anti-electrostatic discharge measures, 
such as not allowing the tapeguide to contact 
the outer leads. 

2. Outer lead coating 

Outer leads should be coated with resin or other 



appropriate materials to prevent short-circuits 
and disconnections due to corrosion. Conduc- 
tive foreign particles can easily cause short- 
circuits since lead spacing for TCP products is 
much narrower than that for non-TCP products. 
Disconnections from corrosion can also easily 
occur due to solder flux or similar materials 
adhering to leads while mounting the products 
on a board. This is because TCP product leads 
are formed by bonding very thin copper foil to 
the base film in order to attain high-density 
mounting. 

3. To prevent electric breakdown when mounting 
TCP products on a board, do not allow any elec- 
trical contact with the die's bottom surface. 
These types of failures easily occur since TCP 
products have a bare Si monocrystal on the die's 
bottom surface in order to make the product as 
thin as possible. 

To prevent degradation of electrical characteris- 
tics, do not expose TCP products to sunlight. 

Mechanical Handling 

1. To prevent die cracks when mounting TCP 
products on a board, do not allow any physical 
contact with the die's bottom surface. These 
types of failures easily occur since TCP prod- 
ucts have a bare Si monocrystal on the die's bot- 
tom surface in order to make the product as thin 
as possible. 

2. Handle TCP products carefully to avoid bending 
the leads from base film transformation. 

3. Do not bend TCP products since this may cause 
cracks in the solder resist. 



56 



HITACHI 



TCP 



4. Punching 

Punching the continuous base film to extract 
single TCP products requires the following care. 

• Align each product correctly according to 
tape perforations (sprocket holes). 

• Use a metal punching die with pressing 
installation to prevent resin cracks and 
reduce cutting stresses in the outer leads. 
(Refer to figure 13.) 



• Determine the punching position so that the 
cutting edge does not touch the molding area 
based on the relationship between maximum 
molding area (specified in the design draw- 
ing) and the punching die accuracy. 

Punch TCP products in the section where outer 
leads are straight (not slanted) to prevent short- 
circuits caused by conductive particles. (Refer 
to figure 14.) 



Punching die without 
pressing installation 




Punching die with 
pressing installation 



Pressing installation 




Figure 13 Punching Die 




No punching area 
Margin area 
Punching area 



Figure 14 Punching Position 
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5. Mounting structure 

Copper foil can easily break even from a small 
physical stress because of its thinness needed to 
accommodate fine patterns. Large stresses 
should therefore not be applied to the copper 
foil when mounting TCP products on a board. 

• Bending stresses 

When the edges of a die and a PCB are 
aligned, resin cracks may occur due to bend- 
ing stresses. To avoid this problem, locate the 
board closer to the LCD panel so that it can 
support the molded part of the package. 
(Refer to figure 15) 



• Thermal stresses 

LCM consists of glass, TCPs and a glass- 
epoxy substrate having their respective coef- 
ficients of thermal expansion (CTE). This 
difference in expansion effects may cause 
"thermal stresses" that especially concentrate 
in TCPs. The joining structure of LCMs is 
roughly shown in figure 16. Before begin- 
ning mass production, investigate and deter- 
mine a joining structure that reduces thermal 
stresses so as to prevent contact and other 
defects from occurring. 

6. Do not stack more than ten cartons of products. 

7. Do not subject cartons to high physical impact 




LSI die 





Move the PCB closer to the LCD panel 



Bending Stresses Applied 



No Bending Stresses Applied 



Figure 15 Positioning of Mounting TCPs on a PCB 



TCP 




LCM is composed of 
various materials having 
their respective CTEs. 



-PCB 
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Correction of ITO (Indium Tin Oxide) Electrode 
Pitch: TCP products expand by absorbing 
moisture or heat during storage and assembly. 
Pitch correction for the ITO electrode should be 
performed based on the TCP dimensions after it is 
mounted on a conductive film. However, if ITO 
pitch correction is performed based on TCP dimen- 
sions before mounting, it must be based on data 
measured after removing TCP products from the 
package and storing at a temperature of 20 to 25°C 
and a humidity of 50 to 70% RH for 48 hours. 

Correct the ITO electrode pitch depending on the 
bonding equipment and conditions used. 



Miscellaneous 

1. Do not heat the lead tape and separator, they 
have poor heat-resistivity and will expand. 

2. Do not subject TCPs to high temperature for a 
long period of time while cleaning or other 
operations; copper foil may peel off due to the 
rapid deterioration of adhesion between the cop- 
per foil and base film. 

3. Carrier tapes have some waviness that may 
cause problems in tape transport. Use a 
tapeguide or equivalent to secure the tape. 



18.75 



18.74 



18.73 
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t 
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Output dimension after TCP is joined to ACF 



- +0.15 



- +0.10 



Measured sample: HD66214TA7 (Base film: 75 \im UPILEX® S) 
Number of measured samples: 5 pieces 
Storage conditions: 25 ±5°C, 50 to 60%RH 
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+0.05 £ 
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Figure 17 Dimensional Change of Output 
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TCP Standardization 

The "Tape Carrier Package W/G" in the 
Semiconductor External Standards Committee of 
the EIAJ (Electronics Industries Association of 
Japan) has standardized TCPs having leads on four 
sides (EIAJ ED-7431C93.4)). The standardization 
W/G, which is composed of various semiconductor 
manufacturers including Hitachi, tape manufactur- 
ers, and socket manufacturers, is taking a compre- 
hensive approach. 

EIAJ has adopted metric control standard against 
JEDEC*'s inch control standards (UO-017) and has 
determined standards based on the following two 
items: 

• Fixed test pad layout, variable package size 



• Fixed package size, variable terminal pitch 

Accordingly, users can share the socket by decid- 
ing the width of tape and the test pad pitch. As 
JEDEC has already agreed to the metric-control 
TCP (UO-018), Hitachi is now making efforts to 
produce metric-control TCPs. 

The basic concept of TCP having leads on four 
sides by EIAJ is shown below. Standardization of 
TCP having leads on two sides is also under dis- 
cussion. 

Note: * JEDEC: 

Joint Electronic Device Engineering 
Council. 



Quad Tape Carrier Package (QTP) EIAJ ED-7431 

1. Tape width: 35, 48, 70 mm 

2. Package size: 35 mm 14 x 14, 16 x 16, 13 x 13, 20 x 20 

48 mm 1 6 x 1 6, 20 x 20, 24 x 24, 26 x 26, 28 x 28 
70 mm 24 x 24, 28 x 28, 32 x 32, 36 x 36, 40 x 40 

3. Test pad pitch: 0.5,0.4,0.3,0.25 mm 

4. Outer lead pitch: 0.5, 0.4, 0.3, 0.25, 0.2, 0.15 mm 

5. Sprocket-hole type: 35 mm Super 

48 mm wide, Super 
70 mm wide, Super 

6. Number of test pads: Fixed maximum number of test pads, regardless of the outer lead 

count. 

For 35-mm tape: 196 for 0.5 pitch; 244 for 0.4 pitch. 
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Reference Materials 

TCP Mounting Equipment Manufacturer 

Manufacturer: Hitachi Chemical Co., Ltd. 



Area Address Tel No. Fax No. 



USA 


Hitachi Chemical Co., America, Ltd. 
4 International Drive, Rye Brook, 
NY 10573, U.S.A. 


(914) 934-2424 


(914) 934-8991 


Europe 


Hitachi Chemical Europe Gm bH. 
Immermmstr. 43, D-4000 
Dusseldorf 1 , F. R. Germany 


(211) 35-0366 to 9 


(211)16-1634 


S.E. Asia 


Hitachi Chemical Asia-Pacific Pte, Ltd. 

CM Qrac Raeoh QnaH £f\Q.f\A 

o i oras oasan noaa, #uc>-u*f 
Plaza By The Park, Singapore 071 8 


337-2408 


337-7132 


Taiwan 


Hitachi Chemical Taipei Office 
Room No. 1406, Chia Hsim Bldg., 
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan 


(2) 581-3632, 
(2) 561-3810 


(2) 521-7509 


Beijing 


Hitachi Chemical Beijing Office 
Room No. 1207, Beijing Fortune Building, 
5 Dong, San Huan Bei-Lu, Chao Yang 
District, Beijing, China 


(1)501-4331 to 2 


(1)501-4333 


Hong Kong 


Hitachi Chemical Co. (Hong Kong) Ltd. 
Room 912, Houston Centre, 63 Mady Road, 
Tsimshatsui East, Kowloon, Hong Kong 


(3) 66-9304 to 7 


(3) 723-3549 
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Manufacturer: Matsushita Electric Industrial Co., Ltd. 



Area 


Address 


Tel No. 


Fax No. 


USA 

(Illinois) 


Panasonic Factory Automation 
Company 


(708) 452-2500 




Deutschland 


Panasonic Factory Automation 
Deutchland 


(040) 8549-2628 




Asia 
(Japan) 


Matsushita 

Manufacturing Equipment D. 


(0552) 75-6222 




Manufacturer: Shinkawa Co., Ltd. 






Area 


Address 


Tel No. 


Fax No. 


U.S.A. 


MARUBENI INTERNATIONAL 
ELECTRONICS CORP. U.S.A. 
3285 Scott Blvd. Santa Clara, 
CA. 95054 


408-727-8447 


408-727-8370 


Singapore, 

Malaysia, 

Thailand 


MARUBENI INTERNATIONAL 
ELECTRONICS CORP. SINGAPORE 
18 Tannery Lane #06-01/02, 
Lian Teng Building, SGB 1334 


741-2300 


741-4870 


Korea, 

Hong Kong, 

China, 

Taiwan, 

Philippine, 

Brazil 


MARUBENI HYTECH CORP. 
Japan 

20-22, Koishikawa 4-chome, 
Bunkyo-ku, Tokyo 1 1 2, Japan 


(03)-381 7-4952 


(03)-3817-4959 


Europe 


MARUBENI INTERNATIONAL 
ELECTRONICS EUROPE GMBH 
Niederrhein STR, 42 4000 
Dusseldorf 30 Federal Republic of Germany 


0211-4376-00 


0211-4332-85 
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Manufacturer: Kyushu Matsushita Electric Co., Ltd. 






Area 


Address 


Tel No. 


Fax No. 


CHICAGO 


1240 Landmeier Rd. 

Elk Grove Village, IL 60007 


(708) 822-7262 


(708) 952-8079 


ATLANTA 


1080 Holcomb Bridge Rd. 
Building 100, Suite 300 
Roswell, Georgia 30076 


(404) 906-1515 


(404) 998-9830 


San Jose 


177 Bovet Road, Suite 600 
San Mateo, CA 99402 


(415) 608-0317 


(415)341-1395 


LONDON 


238/246 King Street, London W6 ORF 
United Kingdom 


(081)748-2447 


(081)846-9580 


SINGAPORE 


1 Seotts Road #21-10/13 Shaw Contra 
Singapore 0922 


7387681 


7325238 


SEOUL 


2ND Floor, Donghwa Bldg. 

454-5, Dokok-1 Dong, Kangnam-Ku, 


571-2911 


f02\ 571-2910 


TAIWAN 


6TH, FL, 360, FU HSING 1ST ROAD, 
KWEISHAN, TAOYUAN HSIEN, 

TAIWAN 


(03) 328-7070 


(03) 328-7080 


MALAYSIA 


KUALALUMPUR BRANCH 

8TH FLOOR, WISMA LEE RUBBER, 

JAPAN MELAKA, 50100 

KUALALUMPUR 


(03) 291-0066 


(03) 291-8002 


BANGKOK 


20TH FL, Thaniya Plaza Bldg, 52 
Silom Road, Bangrak, BANGKOK, 
10500 THAILAND 


(02) 231-2345 


(02) 231-2342 


Manufacturer: Japan Abionis Co., Ltd. 






Area 


Address 


Tel No. 


Fax No. 


Worldwide 


Overseas Department 

Contact: Mr. K. Asami, or Mr. K. ho 


81-3-3501-7358 


81-3-3504-2829 
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TCP Tape Manufacturers 
Manufacturer: Hitachi Cable Ltd. 



Area 


Address 


Tel No. 


Fax No. 


U.SA 


HITACHI CABLE AMERICA INC. 


1-914-993-0991 


001-1-914-993-0997 


Europe 


HITACHI CABLE 

INTERNATIONAL, LTD. (LONDON) 


001-44-71-439-7223 


001-44-71-494-1956 


Sigapore 


HITACHI CABLE 

INTERNATIONAL, LTD (SINGAPORE) 


001-65-2681146 


001-65-2680461 


Hong Kong 


HITACHI CABLE 

INTERNATIONAL, LTD (HONG KONG) 


001-852-721-2077 


001-852-369-3472. 


Manufacturer: Mitsui Mining and Smelting Co., Ltd. 






Area 


Address 


Tel No. 


Fax No. 


U.S.A. 


MITSUI MINING AND 
SMELTING CO. (USA) INC. 


212-679-9300 to 2 


212-679-9303 


Europe 


MITSUI MINING AND 
SMELTING CO., LTD. 
London Office 


71 -405-771 7 to 8 


71-405-0227 


Asia 


MITSUI MINING AND 
SMELTING CO., LTD. 
MICROCIRCUIT DIVISION 


03-3246-8079 


03-3246-8063 


Manufacturer: Shindo Company Ltd. 






Area 


Address 


Tel No. 


Fax No. 


U.S.A. 


SHINDO COMPANY LTD., 
U.S. BRANCH OFFICE 
2635 NORTH FIRST ST., STE. 124 
SAN JOSE, CA 95134 U.S.A. 


408-435-0808 


408-435-0809 



64 



HITACHI 



TCP 



Aeolotropy Conductive Film Manufacturers 
Manufacturer: Hitachi Chemical Co., Ltd. 



Area 


Address 


Tel No. 


Fax No. 


USA 


Hitachi Chemical Co., America, Ltd. 
4 International Drive, Rye Brook, 
NY 10573, U.S.A. 


(914) 934-2424 


(914) 934-8991 


Europe 


Hitachi Chemical Europe GmbH. 
Immermannstr. 43, D-4000 
Dusseldorf 1 , F. R. Germany 


(2 11 ) 35-03OO to 9 


(21 1) 10-1034 


S.E.Asia 


Hitachi Chemical Asia-Pacific Pte, Ltd. 
51 Bras Basah Road, #08-04 
Plaza By The Park, Singapore 0718 


337-2408 


337-7132 


Taiwan 


Hitachi Chemical Taipei Office 

Rnnm No 1406 Chia Hsin Rldn 

No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan 


(2) 581-3632, 
(2) 561-3810 


(2) 521-7509 


Beijing 


Hitachi Chemical Beijing Office 
Room No. 1207, Beijing Fortune Building, 
5 Dong, San Huan Bei-Lu, Chao Yang 
District, Beijing, China 


M \ *>ft1 tn 9 

^ 1 ) OU 1 "*tOO 1 IU C. 




Hong Kong 


Hitachi Chemical Co. (Hong Kong) Ltd. 
Room 912, Houston Centre, 63 Mady Road, 
Tsimshatsui East, Kowloon, Hong Kong 


(3) 66-9304 to 7 


(3) 723-3549 


Manufacturer: Sony Chemicals 






Area 


Address 


Tel No. 


Fax No. 


U.S.A. 


SONY CHEMICALS 
CORPORATION OF AMERICA 


1 -(708) 616-0070 


1-(708) 616-0073 


Europe 


SONY CHEMICALS 
EUROPE B.V. 


31-20-658-1850 


31-20-659-8481 


Southeast 
Asia 


SONY CHEMICALS 
SINGAPORE PTE LTD. 


65-382-1500 


65-382-1750 



References 

1 . KAPTON® V Catalog Du Pont-Toray Co., Ltd. 

2. UPILEX® S Catalog Ube Industries, Ltd. 

3. Electro-deposited Foil Comparison List Mitsui Mining Smelting Co., Ltd. 

Electronic Devices Group 

4. Hitachi Anisotropic Discharge Film Hitachi Chemical Co., Ltd. 

1992.7.21 
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Table 7 Hitachi Standard TCP Product Specifications 



Output LMd Output Lead Input Lead Input LMd 



Area Width 



t 

X 



No. 


Product 


Function 


No. of 
Outputi 


Pitch 
i Gun) 


Length 

(mm) 


Pitch 
<p») 


Length 

(mm) 


Input Lead 
Arrange* 1 


X 

(mm) 


Y 

(mm) 


Assist Wfc 

(mm) 


Ith Product 
Length* 


Tape 
Material 


•3 Plating 


1 


HD66107T00 


LCD driver 


160 


280 


Z5 


800 


2.0 


A 


50.20 


20.25 


46.X 


12 


K 


Sn 


2 


HD66107T01 


LCD driver 


80 


280 


2.5 


800 


ZO 


A 


32.00 


2025 


28.X 


12 


K 


Sn 


3 


HD66107T11 


LCD driver 


160 


180 


3.3 


800 


Z5 


A 


32.42 


20.X 


31.X 


8 


K 


Sn 


4 


HD66107T12 


LCD driver 


160 


250 


3.3 


800 


2.5 


A 


43.50 


20.X 


42.40 


10 


K 


Sn 


5 


HD66107T24 


LCD driver 


160 


180 


3.3 


800 


2.5 


A 


32.52 


20.X 


31.X 


8 


U 


Sn 


6 


HD66107T25 


LCD driver 


80 


280 


2.5 


800 


2.0 


A 


32.00 


20.25 


28.X 


8 


K 


Sn 


7 


H066108T00 


LCD driver 


165 


400 


2.0 


400 


2.0 


C 


— 


— 


— 


8 


K 


Sn 


8 


HD66300T00 


TFT analog driver 


120 


300 


2.9 


800 


ao 


A 


46.00 


21.50 


46.X 


10 


K 


Sn 


9 


HD66310T00 


TFT 8 level gray scale 


160 


180 


3.0 


650 


Z5 


A 


33.40 


21.X 


31.95 


8 


K 


Sn 


10 


HD66330TA0 


TFT 64 level gray scale 


192 


160 


3.5 


650 


1.5 


A 


35.30 


11.70 


33.X 


4 


U 


Sn 


11 


H066214TA1 


Column LCD driver 


80 


150 


3.0 


800 


2.2 


A 


15.75 


10.X 


13.60 


3 


U 


Sn 


12 


HD66214TA2 


Column LCD driver 


80 


180 


3.0 


800 


2.2 


A 


18.X 


10.X 


18.40 


3 


U 


Sn 


13 


HD66214TA3 


Column LCD driver 


80 


200 


Z5 


800 


2.2 


A 


20.00 


9.X 


19.X 


3 


U 


Sn 


14 


H066214TA6 


Column LCD driver 


80 


200 


2.3 


450 


ZO 


B 


22.70 


8.X 


22.50 


3 


U 


Sn 


15 


HD66214TA9L Column LCD driver 


80 


220 


2.3 


450 


1.8 


B 


22.70 


8.X 


22.X 


2 


U 


Sn 


16 


HD66205TA1 


Common LCD driver 


80 


150 


3.0 


800 


2.0 


A 


15.75 


14.70 


13.40 


4 


U 


Sn 


17 


HD66205TA2 


Common LCD driver 


80 


180 


2.9 


800 


2.0 


A 


18.X 


14.70 


16.40 


4 


U 


Sn 


18 


H066205TA3 


Common LCD driver 


80 


200 


3.0 


800 


2.0 


A 


20.X 


14.70 


17.X 


4 


U 


Sn 


19 


HD66205TA6 


Common LCD driver 


80 


220 


2.8 


700 


1.8 


B 


22.70 


12.X 


1820 


4 


U 


Sn 


20 


HD66205TA7 


Common LCD driver 


80 


250 


Z8 


700 


1.8 


B 


24.25 


12.X 


18.X 


4 


U 


Sn 


21 


H066205TA9L Common LCD driver 


80 


220 


2.8 


700 


1.8 


B 


22.70 


12.X 


18.X 


3 


U 


Sn 


22 


H066224TA1 


Column LCD driver 


80 


210 


3.2 


800 


1.2 


A 


20.X 


8.X 


18.X 


2 


U 


Sn 


23 


H066224TA2 


Column LCD driver 


80 


200 


3.3 


780 


1.3 


A 


18.40 


9.X 


17.X 


3 


U 


Sn 


24 


HD66224TB0 


Column LCD driver 


80 


200 


2.5 


650 


1.5 


A 


18.X 


7.X 


17.40 


2 


U 


Sn 


25 


HD66215TA0 


Common LCD driver 


100 


230 


2.0 


1200 


1.7 


A 


25.X 


11.X 


24.40 


3 


U 


Sn 


26 


HD66215TA1 


Common LCD driver 


101 


220 


3.0 


1000 


1.8 


A 


25.X 


10.X 


24.40 


3 


U 


Sn 


27 


HD66215TA2 


Common LCD driver 


100 


180 


4.0 


850 


1.5 


A 


20.40 


11.40 


19.X 


3 


U 


Sn 


28 


H066110TA4 


Column LCD driver 


160 


80 


2.8 


500 


1.5 


A 


15.X 


9.X 


15.X 


4 


U 


Sn 


29 


HD66110RTA8 Column LCD driver 


160 


140 


3.2 


600 


2.0 


A 


25.X 


10.85 


15.X 


4 


U 


Sn 


30 


HD66110RTB0 Column LCD driver 


160 


92 


3.8 


500 


ZO 


A 


15.X 


11.X 


15.10 


4 


U 


Sn 


31 


HD66110RTB1 Column LCD driver 


160 


92 


2.4 


500 


1.2 


A 


15.X 


9.X 


15.10 


4 


u 


Sn 


32 


HD66115TA0 


Common LCD driver 


160 


180 


3.0 


800 


ZO 


A 


32.40 


11.X 


31 


3 


u 


Sn 


33 


HD66115TA1 


Common LCD driver 


160 


250 


4.2 


800 


ZO 


A 


44.X 


13.70 


42.9 


4 


u 


Sn 



: 1. Input lead arrange: A ■ Straight, B - Divided, C 

2. Number of perforations 

3. Tape material: K - Kapton, U - Upitex 
Kapton" is a trademark of Dupont. Ltd. 
"Upilex" is a trademark of Ube Industries, Ltd. 
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Figure 18 Hitachi Standard TCP 1 — HD61107T00 - 
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U—cf- 34,02 

3U2 tO.PS 

Q.lflPXl69 30.42 tSLQSL 




0.BPX35 28.010,05 
K.75PXB 3B.QI 




±0.1 mm unlatt ottMNwiw 



2. Th»figu«betovv shows* 
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Figure 20 Hitachi Standard TCP 3 — HD66107T11 — 
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Figure 21 Hitachi Standard TCP 4 — HD66107T12 — 
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Figure 22 Hitachi Standard TCP 5 — HD66107T24 - 
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Pattern Molding material 



i: I. Mark shall be stamped on potting resin. 

2. Dimensional tolerances are ±0.1 mm unless otherwise noted. 

3. The figure below shows a cross sectional view of the outer lead tx 

/ Copper leaf 

/ f ■ ^ T~~ Adhesive agent 



Figure 23 Hitachi Standard TCP 6 — HD66107T25- 
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Copper leaf (pattern) Molding material 



Note 1: Mark specifications 
Group Code 



A 


Only the year, r 


nonth, and week code 


B 


The year, mont 


K week code, and ""P" 



• Intersection dimensions are to be read from the figure unless otherwise noted. 

• Dimensional tolerances are ±0.1 mm unless otherwise noted. 

• Tolerance for deviation between pattern and hole centers is ±0.05 mm. 

• A mark is stamped on the shaded area, which is to the right of the molded area within the sc 



Figure 24 Hitachi Standard TCP 7 — HD66108T00- 
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B9J8 waned josn 5 121 
Copper leaf (pattern) Molding material Solder resist 



' 8 

8 'A 



i: 1 . Dimensional tolerances are ±0.1 mm unless otherwise noted. 

2. Mark shall be stamped on potting resin. 

3. The figure below shows a cross sectional view of the outer lead bonding ai 



Figure 25 Hitachi Standard TCP 8 — HD66300T00 — 
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33.4 VT-HT 

-auioofi 




\ 








. 0.09 ±0 Oi 





Figure 26 Hitachi Standard TCP 9 — HD66310T00 — 
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Notes: 1. Dimensional tolerances are ±0.1 mm unless otherwise noted. 

2. The figure below shows a cross sectional view of the outer lead bonding area. 



Figure 28 Hitachi Standard TCP 11 — HD66214TA1 — 
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Notes: 1. Dimensional tolerances are ±0.1 mm unless otherwise noted. 

2. The figure below shows a cross sectional view of the outer lead bonding area 

/ \ -Copper leaf 

/ / , Adhesive agei 

\ 4- Film 



Figure 29 Hitachi Standard TCP 12 — HD66214TA2 - 
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18 tO.Q27 :_ 

Q.2PX85 17 *Q,Q26 
0.2PX79 15.8 ±0.024 




28. 977 ffi ( >7 
34.975 -oi? 




2. The figure below shows a cross sc 



s 








. 0.1 ±Q.Q2 , 





Figure 30 Hitachi Standard TCP 13 — HD66214TA3- 
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Copper loaf (pattern) ;MokJing material Solder resist 









^™ ^ _U!±££J 

CHIP 





Notes: 1. Dimensional tolerances are ±0.1 mm unless otherwise 
2. The figure below shows a cross sectional view of the 




Figure 31 Hitachi Standard TCP 14 — HD66214TA6 — 
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85-0.22P 18.7 ±O fl?fl 
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-Copper leaf 
- Adhesive agent 



Figure 32 Hitachi Standard TCP 15 — HD66214TA9L — 
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Figure 33 Hitachi Standard TCP 16 — HD66205TA1 — 
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U»f pattern area 133; 



16,3±Q,Q24 




28, 977 ^q : q7 
3^.975 -a'A 




Notes: 1 . Dimensional tolerances are ±0.1 mm unless otherwise noted. 

2. The figure below shows a cross sectional view of the outer lead bonding area. 
/ \_ — Copper leaf 











. 0,09 ±0.02 . 





Figure 34 Hitachi Standard TCP 17 — HD66205TA2 — 
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Notes: 1 . Dimensional tolerances are ±0.1 mm unless otherwise noted. 

2. The figure below shows a cross sectional view of the outer lead bonding ai 
/ \__— Copper leaf 
i / T T~" Adn0Sive a o ent 
V_ 3~ Film 



Figure 35 Hitachi Standard TCP 18 — HD66205TA3 — 
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0.22PX85 IB. 7 ±0.028 
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Figure 36 Hitachi Standard TCP 19 — HD66205TA6 — 
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Copper leaf (pattern) Molding material 



Notes: 1 . Dimensional tolerances are ±0. 1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lee 
/ Copper leaf 

i f " ^T~ AdnBsive a 9 ei 

) ' V- Film 



Figure 37 Hitachi Standard TCP 20 — HD66205TA7 — 
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i: 1. Dimensional 
2. The figure below 



a cross sectional view of the outer lead be 

- Copper leaf 

— Adhesive agent 




Q . 11 *0 .02 



Figure 38 Hitachi Standard TCP 21 — HD66205TA9L — 
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Molding material 
0.1 max 




Note 1 : Dimensional tolerances are ±0.1 unless 
otherwise specified. 
2: The figure below shows a cross-sectional 
view of the outer lead bonding area 

/ — Copper foil 

- Adhesive 

-Rim 



S'6 ZX&L'V 







V 




« 0.106±0.03 . 





However, the width of the dummy leads (one each) 
for both sides of the outer leads shall be 0.105 ±0.03. 



Figure 39 Hitachi Standard TCP 22 — HD66224TA1 — 
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Note 1 : Dimensional tolerances are ±0.1 unless 
otherwise specified. 
2: The figure below shows a cross-sectional 
view of the outer lead bonding area. 



r 








0.1 ±0.03' y 





-Copper foil 
-Adhesive 
-Rim 



Figure 40 Hitachi Standard TCP 23 — HD66224TA2 — 
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Figure 41 Hitachi Standard TCP 24 — HD66224TB0 — 
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I- 1 Dimensional totarances are ±0.1 mm unlets otherwise notad. 
' 2. The figure below show* a crow sectional view of the outer laad 
/ ^X^--- Copper leaf 



Figure 42 Hitachi Standard TCP 25 — HD66215TA0 — 
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1.QPXI20-W 19.Q±Q,Q5 

21A 

22A 

23 

2kA 

28.977 -§:°7 
34.975 -OA 




Notes: 1 . Dimensional tolerances are ±0.1 mm unless otherwise noted. 

2. The figure below shows a cross sectional view of the outer lead bonding area. 
/ \_~— Copper leaf 



r 








, 0.11 ±0.0? , 





Figure 43 Hitachi Standard TCP 26 — HD66215TA1 — 
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>: 1 . Dimensional tolerances are ±0.1 mm ui 
2. The figure below shows a cross sectional view ol the outer lead bonding area. 

_~ Copper leaf 
Adhesive agent 




0.09±O.Q2 



Figure 44 Hitachi Standard TCP 27 — HD66215TA2 — 
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Figure 45 Hitachi Standard TCP 28 — HD66110TA4 — 
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TCP 



24,09 * 0,036 

Q.KPX165 23.09 *0. 035 





Notes: 1. Dimensional totoranoM am 10.1 mm unto** othaiwiss notad. 

2. Tha figure baiow shows a cross sactbnal vtaw of tha outar toad bonding araa. 

/ Coppsrlaaf 



3. 4.4 ±0.01 it takan as tha SR managamant targat valua. 



Figure 46 Hitachi Standard TCP 29 — HD66110RTA8 — 
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Molding material 

/ 



Yuupirex??? (thickness: 75 urn) 



v. 1. Dimensional tolerances are ±0.1 mm unless 

2. The figure below shows a cross sectional view of the 

3. Solder resist exposure of the output side outer lead 



outermost line (dummy lead) is allowed. 




Copper leaf (thickness: 20 jim) 



Figure 47 Hitachi Standard TCP 30 — HD66110RTB0 - 
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15.18 ±0.025 

0,Q92P XH62-1)-Q , P5 - K , 762*0 .023 




User pattern area 15 ^ 



17 

28, 977 -q I 07 
3 Q75 -QJ 



Yuupirex??? (thickness: 75 urn) 



Notes: 1 . Dimensional tolerances are ±0. 1 mm unless otherwise noted. 

2. The figure below shows a cross sectional view of the outer lead bonding area. 




-Copper leaf (thickness: 25 urn) 
-Adhesive agent 
-Film 



Figure 48 Hitachi Standard TCP 31 



— HD66110RTB1 — 
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Chip Shipment Products 



COB (chip on board) and COG (chip on glass) 
products form only a small percentage of the thin 
form and miniature mounting products shipped. 
However, these products, which are referred to 
here as "chip shipment products", involve shipping 
unmounted chips from the factory. 

Since chip shipment products are treated as semi- 
finished products, there will be differences 
between their quality guarantee ranges and electri- 
cal characteristics items and those published for the 
packaged (i.e., complete) products. The differences 
in the quality guarantee ranges, electrical charac- 
teristics items, and visual inspection are described 
in the CAS (customer approval specifications). 
Product functionality and operation is completely 
identical to the complete (packaged) product. 

This section describes the standard shipment speci- 
fications for chip shipment products. The actual 
shipment stipulations will be those mentioned or 
stipulated in the CAS for the individual products. 

1. Electrical Characteristics and 
Quality Level 

As mentioned above, the quality guarantee ranges 
and electrical characteristics for chip shipment 
products differ from those for standard products. 
Refer to the CAS for the individual products for 
specific details. 

The basic differences are as follows. 

1.1 Electrical Characteristics 

The electrical characteristics for chip shipment 
products are guaranteed at the single point 
T a = 75°C. 

1.2 Quality Level 

Electrical characteristics: AQL 4.0% 
Visual inspection: AQL 4.0% 

(The specific details for visual inspection and other 
items are contained in the CAS.) 



2. Chip Packing Specifications 

2.1 Delivery Units 

Delivery unit counts (lot size) range from a mini- 
mum of 100 units to 10,000 units. 

2.2 Packing Specifications 

Trays are vacuum packed and sealed with up to 24 
trays in a single pack. All the chip products in a 
given pack will be from the same production lot. 
Figure 1 shows the chip shipment product packing. 
Chip products are stored in the trays protected by a 
sheet of protective paper. 

2.3 Markings 

The following items will be marked on each tray. 

1. Product number 

2. Lot number 

3. Count 

4. Inspection certification seal 

The following items will be marked on each pack. 

1. Product number 

2. Disbursement lot number 

3. Count 

4. Inspection certification seal 

The following items will be marked on the outer 
packing. 

1. Product number 

2. Disbursement lot number 

3. Count 

4. Inspection certification seal 

If possible, please return empty trays to your 
Hitachi sales representative. 

3. Storage Specifications 

After delivery and after opening the transport pack- 
aging, chip shipment products must be stored in a 
manner that does not cause their electrical, physi- 
cal, or mechanical properties to degrade due to 
humidity or reactive gas contamination. 
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We recommend the following storage conditions 
for these products. 

HITACHI 



Chip Shipment Products 



3.1 When Stored in the Packed State 

Storage conditions: In dry Nitrogen, at -30°C 
(30 degrees below zero, 
Celsius) 

Storage period: Six months 

The date of the inspection certification seal shall be 
used as the start of the storage period. 



3.2 When Stored after Die Bonding or Wire 
Bonding 

Storage condition 1: Temperature: under 30°C, 
Humidity: under 70%, 
Airborne particles: less than 
5000 per cubic foot 

Storage period 1 : Seven days 

Storage conditions 2: In dry Nitrogen, at -30°C 

Storage period 2: 20 days 



Cardboard box (cover) 



Product tag 



Product tag 



Vacuum pack 




Urethane foam 
Product tag 

Silica gel 

Urethane foam 



Cardboard box 



□□□□□□ 



-51- 



51 



Chip tray 



36 pes./ 
tray 


HD44780SA00D, HCD66702, 
HD44102D, HD44105D, 
HD61202D, HD61203D, 
HD61 104AD, HD61 105AD, 
HD66106D 


49 pes./ 
tray 




64 pes./ 
tray 


HD44100D, HD66100D, 
HCD66204, HCD66205 



(Unit: mm) 



Figure 1 Chip Packing 
HITACHI 
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4. Chip Shape Specifications 

See figure 2. 

5. Products Available as Chip Shipment 
Products 

Hitachi, Ltd. currently provides the products listed 19 show their respective chip sizes and bonding 
in table 1 as chip shipment products. Figures 3 to pad layouts. 



Table 1 Chip Shipment Product Table 



Figure No. 


Product No. 


Base Product No. 


Page 


3 


HCD44100R 


HD44100RFS 


104 


4 


HD44102D 


HD44102CH 


105 


5 


HD44105D 


HD44105H 


106 


6 


HCD44780UA00 


HD44780UA00FS 


107 


7 


HCD44780U*** 


HD44780U***FS 


108 


8 


HCD66702RA00 


HD66702RA00F 


109 


8 


HCD66702RA00L 


HD66702RA00FL 


109 


9 


HCD66702R*** 


HD66702R***F 


111 


9 


HCD66702R***L 


HD66702R***FL 


111 


10 


HCD66710A00 


HD66710A00FS 


113 


11 


HCD66710*** 


HD66710***FS 


114 


12 


HD61202D 


HD61202 


115 


13 


HD61203D 


HD61203 


116 


14 


HD66100D 


HD66100F 


117 


15 


HD66106D 


HD66106FS 


118 


16 


HCD66204 


HD66204F 


119 


17 


HCD66205 


HD66205F 


120 


18 


HCD66204L 


HD66204FL 


121 


19 


HCD66205L 


HD66205FL 


122 
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Min.220 ^ ' 
V. 400 ±30 


*x,/y 


Max. 150 





Surface shape maximum values X direction: £x + 250 

Y direction: Jfy + 250 ( unit: 
(£x and £y are the chip dimensions) 



Figure 2 Chip Cross-Section 



HITACHI 
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HCD44100R 



5 1 60 56 



O 55 

□ 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

24— l-OpQXin □□□□□Of - 35 



25 



34 



Chip size (X x Y): 2.40 mm x 3.94 mm 
Coordinate: Pad center 
Origin: Chip center 

Pad size (X x Y): 90 x 90 pm (SiL) 



(Unit: urn) 

Coordinate p acJ Coordinate p ad Coordinate 



No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


1 


Y30 


-280 


1815 


21 


Y14 


-1045 


-1100 


41 


DR1 


1075 


-630 


2 


Y31 


-460 


1815 


22 


Y13 


-1045 


-1300 


42 


DL2 


1075 


-450 


3 


Y32 


-640 


1815 


23 


Y12 


-1045 


-1500 


43 


DR2 


1075 


-270 


4 


Y33 


-820 


1815 


24 


Y9 


-1045 


-1740 


44 








5 


Y34 


-1000 


1815 


25 


Y10 


-850 


-1815 


45 


M 


1075 


-90 


6 


Y29 


-1045 


1600 


26 


Y11 


-670 


-1815 


46 


SHL1 


1075 


90 


7 


Y28 


-1045 


1420 


27 


Y8 


-490 


-1815 


47 


SHL2 


1075 


270 


8 


Y27 


-1045 


1240 


28 


Y7 


-310 


-1815 


48 


FCS 


1075 


450 


9 


Y26 


-1045 


1060 


29 


Vcc 


-130 


-1815 


49 


V1 


1075 


630 


10 


Y25 


-1045 


880 


30 


Y6 


130 


-1815 


50 


V2 


1075 


810 


11 


Y24 


-1045 


700 


31 


Y5 


310 


-1815 


51 


V3 


1075 


990 


12 


Y23 


-1045 


520 


32 


Y4 


490 


-1815 


52 


V4 


1075 


1170 


13 


Y22 


-1045 


340 


33 


Y3 


670 


-1815 


53 


V5 


1075 


1350 


14 


Y21 


-1045 


160 


34 


Y2 


870 


-1815 


54 


V6 


1075 


1550 


15 


Y20 


-1045 


-20 


35 


Y1 


1030 


-1780 


55 


Y40 


1045 


1800 


16 


Y19 


-1045 


-200 


36 


Vee 


1075 


-1600 


56 


Y39 


850 


1815 


17 


Y18 


-1045 


-380 


37 


CL1 


1075 


-1410 


57 


Y38 


670 


1815 


18 


Y17 


-1045 


-560 


38 


CL2 


1075 


-1235 


58 


Y37 


490 


1815 


19 


Y16 


-1045 


-740 


39 


GND 


1075 


-990 


59 


Y36 


310 


1815 


20 


Y15 


-1045 


-920 


40 


DL1 


1075 


-810 


60 


Y35 


130 


1815 



Figure 3 HCD44100R 
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» HD44102D 

Chip Size (XxY) : 5.40x6.1 6mm 

Coordinate : Pad Center 

Origin : Chip Center 

Pad Size (XxY) : 1 20 x 1 20 M m 



I Unit : //m ] 



Pad 


Function 


Coordinate 


Pad 


Function 


Coordinate 


Pad 




Coordinate 


No 


x 


Y 


No 


x 


Y 


No 


Function 


x 


Y 


1 


Y39 


-2130 


2890 


28 


Y13 


-1175 


-2890 


55 


DB5 


2515 


500 


2 


Y38 


— 4*K>3 




29 


Y12 


— ^*t3 


- OftQO 


56 


DB6 


oci s 

49 1 9 


770 


3 


Y37 


43 1 3 


4*f 03 


30 


Y11 


— 71 «; 

— / I 3 


— OftQO 


57 


DB7 


7^1 c. 
43 1 3 


mc.n 

1 U3U 


4 


Y36 


— 431 9 


001 1 
44 1 3 


31 


Y10 


— HOU 


— ft Qft 


58 


FRM 


ori c. 

43 I 3 


ison 

1 34U 


5 


Y35 


OC1 c 
— 4313 


1?D3 


32 


Y9 


_ ORC 

— 433 


— *> ft an 

— 4o?U 


59 


CL 


OC.1 5 
431 3 


1 ^ An 

1 30U 


6 


Y34 


OC 1 c 
— 4513 


1 71 C 


33 


Y8 


OC 
— 43 


oft on 


60 


P1 U1) 


OKI C 
431 3 


IfiftA 
loUU 


7 


Y33 


— 43 1 3 


I*»U3 


34 


Y7 


?n<* 

4v9 


- oftqn 


61 


P2 (A2) 


49 1 9 


2040 


8 


Y32 


-2515 


1215 


35 


Y6 


435 


-2890 


62 








9 


Y31 


-2515 


965 


36 


Y5 


665 


-2890 


63 


M 


2515 


2815 


10 


Y30 


-2515 


715 


37 


Y4 


915 


-2890 


64 


GND 


2070 


2890 


11 


Y29 


-2515 


465 


38 


Y3 


1160 


-2890 


65 


VEE 


1835 


2890 


12 


Y28 


-2515 


215 


39 


Y2 


1410 


-2890 


66 


V1 


1600 


2890 


13 


Y27 


-2515 


-35 


40 


Y1 


1640 


-2890 


67 


V2 


1365 


2890 


14 


Y26 


-2515 


-285 


41 


VCC 


1930 


-2890 


68 


V3 


1135 


2890 


15 


Y25 


-2515 


-535 


42 


BS 


2245 


-2890 


69 


V4 


890 


2890 


16 


Y24 


-2515 


-785 


43 


RST 


2515 


-2605 


70 


Y50 


640 


2890 


17 


Y23 


-2515 


-1035 


44 


CS1 


2515 


-2365 


71 


Y49 


410 


2890 


18 


Y22 


-2515 


-1285 


45 


CS2 


2515 


-2125 


72 


Y48 


180 


2890 


19 


Y21 


-2515 


-1535 


46 


CS3 


2515 


-1885 


73 


Y47 


-50 


2890 


20 


Y20 


-2515 


-1785 


47 


E 


2515 


-1645 


74 


Y46 


-340 


2890 


21 


Y19 


-2515 


-2035 


48 


RW 


2515 


-1405 


75 


Y45 


-605 


2890 


22 


Y18 


-2515 


-2285 


49 


D1 


2515 


-1165 


76 


Y44 


-850 


2890 


23 








50 


DB0 


2515 


-880 


77 


Y43 


-1100 


2890 


24 


Y17 


-2155 


-2890 


51 


DB1 


2515 


-600 


78 


Y42 


-1350 


2890 


25 


Y16 


-1865 


-2890 


52 


DB2 


2515 


-330 


79 


Y41 


-1600 


2890 


26 


Y15 


-1635 


-2890 


53 


DB3 


2515 


-50 


80 


Y40 


-1845 


2890 


27 


Y14 


-1405 


-2890 


54 


DB4 


2515 


220 











Figure 4 HD44102D 



□ 
a 
a 
□ 

a 5 
□ 
□ 



° 5 

□ □ 

□ □ 

□ a 

□ □ 

□ □ 

~ |TYPE CODE | g 

oaa □□□□□□□□□□□□ ppag 
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HD44105D 




Chip size (X x Y): 4.56 mm x 6.00 mm 
Coordinate: Pad center 
Origin: Chip center 

Pad size (X x Y): 1 20 \im x 1 20 Mm 



(Unit: \xm) 

Coordinate Pad Coordinate Pad Coordinate 



No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


1 


X12 


-575 


2822 


20 


C 


-2105 


-1628 


42 


X31 


2105 


-833 


2 


X11 


-875 


2822 


21 


R 


-2105 


-2053 


43 


X30 


2105 


-528 


3 


X10 


-1175 


2822 


22 


CR 


-2105 


-2363 


44 


X29 


2105 


-223 


4 


X9 


-1475 


2822 


23 


STB 


-2105 


-2593 


45 


X28 


2105 


82 


5 


X8 


-1775 


2822 


24 


SHL 


-2005 


-2822 


46 


X27 


2105 


387 


6 


X7 


-2105 


2372 


25 


M/S 


-1770 


-2822 


47 


X26 


2105 


697 


7 


X6 


-2105 


2047 


26 


02 


-1460 


-2822 


48 


X25 


2105 


1002 


8 


X5 


-2105 


1732 


27 


01 


-1010 


-2822 


49 


X24 


2105 


1307 


9 


X4 


-2105 


1417 


28 


FRM 


-605 


-2822 


50 


X23 


2105 


1587 


10 


X3 


-2105 


1102 


29 


Vcc 


-265 


-2822 


51 


X22 


2105 


1867 


11 


X2 


-2105 


787 


31 


M 


770 


-2822 


52 


X21 


2105 


2147 


12 


X1 


-2105 


472 


33 


CL 


1290 


-2822 


53 


X20 


2105 


2427 


13 


DL 


-2105 


117 


34 


DR 


1730 


-2822 


54 


X19 


2105 


2707 


14 


GND 


-2105 


-208 


36 


Vee 


2105 


-2308 


55 


X18 


1855 


2822 


15 


FS1 


-2105 


-438 


37 


V1 


2105 


-2078 


56 


X17 


1555 


2822 


16 


FS2 


-2105 


-668 


38 


V2 


2105 


-1846 


57 


X16 


1255 


2822 


17 


DS1 


-2105 


-898 


39 


V5 


2105 


-1610 


58 


X15 


955 


2822 


18 


DS2 


-2105 


-1128 


40 


V6 


2105 


-1388 


59 


X14 


655 


2822 


19 


DS3 


-2105 


-1358 


41 


X32 


2105 


-1138 


60 


X13 


355 


2822 
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Figure 5 HD44105D 
HITACHI 



Chip Shipment Products 



• HCD44780UA00 




Chip size (X x Y): 4.90 mm x 4.90 mm 

Coordinate: Pad center 

Origin: Chip center 

Pad size (XxY): 114 ± 10 pm x 114 ± 10 pm 

The aperture area of a bonding pad 



23 42 



(Unit: iim) 

Coordinate p a< j Coordinate Pad Coordinate 



No. 




x 


Y 


No. 


Pad Nam a 
ran i^iaiiio 


x 


Y 


No. 


PaH Nam a 


x 


Y 


1 


SEG22 


-2100 


2313 


28 


V3 


-941 


-2290 


55 


COM9 


2313 


539 


2 


SEG21 


-2280 


2313 


29 


V4 


-623 


-2290 


56 


COM10 


2313 


755 


3 


SEG20 


-2313 


2089 


30 


V5 


-304 


-2290 


57 


COM 11 


2313 


970 


4 


SEG19 


-2313 


1833 


31 


CL1 


-48 


-2290 


58 


COM12 


2313 


1186 


5 


SEG18 


-2313 


1617 


32 


CL2 


142 


-2290 


59 


COM13 


2313 


1401 


6 


SEG17 


-2313 


1401 


33 


Vcc 


309 


-2290 


60 


COM14 


2313 


1617 


7 


SEG16 


-2313 


1186 


34 


M 


475 


-2290 


61 


COM15 


2313 


1833 


8 


SEG15 


-2313 


970 


35 


D 


665 


-2290 


62 


COM16 


2313 


2095 


9 


SEG14 


-2313 


755 


36 


RS 


832 


-2290 


63 


SEG40 


2296 


2313 


10 


SEG13 


-2313 


539 


37 


R/W 


1022 


-2290 


64 


SEG39 


2100 


2313 


11 


SEG12 


-2313 


323 


38 


E 


1204 


-2290 


65 


SEG38 


1617 


2313 


12 


SEG11 


-2313 


108 


39 


DB0 


1454 


-2290 


66 


SEG37 


1401 


2313 


13 


SEG10 


-2313 


-108 


40 


DB1 


1684 


-2290 


67 


SEG36 


1186 


2313 


14 


SEG9 


-2313 


-323 


41 


DB2 


2070 


-2290 


68 


SEG35 


970 


2313 


15 


SEG8 


-2313 


-539 


42 


DB3 


2260 


-2290 


69 


SEG34 


755 


2313 


16 


SEG7 


-2313 


-755 


43 


DB4 


2290 


-2099 


70 


SEG33 


539 


2313 


17 


SEG6 


-2313 


-970 


44 


DB5 


2290 


-1883 


71 


SEG32 


323 


2313 


18 


SEG5 


-2313 


-1186 


45 


DB6 


2290 


-1667 


72 


SEG31 


108 


2313 


19 


SEG4 


-2313 


-1401 


46 


DB7 


2290 


-1452 


73 


SEG30 


-108 


2313 


20 


SEG3 


-2313 


-1617 


47 


COM1 


2313 


-1186 


74 


SEG29 


-023 


2313 


21 


SEG2 


-2313 


-1833 


48 


COM2 


2313 


-970 


75 


SEG28 


-539 


2313 


22 


SEG1 


-2313 


-2073 


49 


COM3 


2313 


-755 


76 


SEG27 


-755 


2313 


23 


GND 


-2280 


-2290 


50 


COM4 


2313 


-539 


77 


SEG26 


-970 


2313 


24 


OSC1 


-2080 


-2290 


51 


COM5 


2313 


-323 


78 


SEG25 


-1186 


2313 


25 


OSC2 


-1749 


-2290 


52 


COM6 


2313 


-108 


79 


SEG24 


-1401 


2313 


26 


V1 


-1550 


-2290 


53 


COM7 


2313 


108 


80 


SEG23 


-1617 


2313 


27 


V2 


-1268 


-2290 


54 


COM8 


2313 


323 











Figured HCD44780UA00 
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HCD44780U* 




Y-- 



-ft 



HD44780U 1 



23 



a / 



Type code 



□□□□□□□□□□□□□□□□□□ 



Chip size (X x Y): 4.90 mm x 4.90 mm 

Coordinate: Pad center 

Origin: Chip center 

Pad size (Xx Y): 114 ± 10 urn x 114 ± 10 urn 

The aperture area of a bonding pad 



Pad 



X 

Coordinate 



42 



Pad 



Coordinate 



Pad 



(Unit: iim) 
Coordinate 



No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


1 


SEG22 


-2100 


2313 


28 


V3 


-941 


-2290 


55 


COM9 


2313 


539 


2 


SEG21 


-2280 


2313 


29 


V4 


-623 


-2290 


56 


COM10 


2313 


755 


3 


SEG20 


-2313 


2089 


30 


V5 


-304 


-2290 


57 


COM11 


2313 


970 


4 


SEG19 


-2313 


1833 


31 


CL1 


-48 


-2290 


58 


COM12 


2313 


1186 


5 


SEG18 


-2313 


1617 


32 


CL2 


142 


-2290 


59 


COM13 


2313 


1401 


6 


SEG17 


-2313 


1401 


33 


Vcc 


309 


-2290 


60 


COM14 


2313 


1617 


7 


SEG16 


-2313 


1186 


34 


M 


475 


-2290 


61 


COM15 


2313 


1833 


8 


SEG15 


-2313 


970 


35 


D 


665 


-2290 


62 


COM16 


2313 


2095 


9 


SEG14 


-2313 


755 


36 


RS 


832 


-2290 


63 


SEG40 


2296 


2313 


10 


SEG13 


-2313 


539 


37 


R/W 


1022 


-2290 


64 


SEG39 


2100 


2313 


11 


SEG12 


-2313 


323 


38 


E 


1204 


-2290 


65 


SEG38 


1617 


2313 


12 


SEG11 


-2313 


108 


39 


DB0 


1454 


-2290 


66 


SEG37 


1401 


2313 


13 


SEG10 


-2313 


-108 


40 


DB1 


1684 


-2290 


67 


SEG36 


1186 


2313 


14 


SEG9 


-2313 


-323 


41 


DB2 


2070 


-2290 


68 


SEG35 


970 


2313 


15 


SEG8 


-2313 


-539 


42 


DB3 


2260 


-2290 


69 


SEG34 


755 


2313 


16 


SEG7 


-2313 


-755 


43 


DB4 


2290 


-2099 


70 


SEG33 


539 


2313 


17 


SEG6 


-2313 


-970 


44 


DB5 


2290 


-1883 


71 


SEG32 


323 


2313 


18 


SEG5 


-2313 


-1186 


45 


DB6 


2290 


-1667 


72 


SEG31 


108 


2313 


19 


SEG4 


-2313 


-1401 


46 


DB7 


2290 


-1452 


73 


SEG30 


-108 


2313 


20 


SEG3 


-2313 


-1617 


47 


COM1 


2313 


-1186 


74 


SEG29 


-323 


2313 


21 


SEG2 


-2313 


-1833 


48 


COM2 


2313 


-970 


75 


SEG28 


-539 


2313 


22 


SEG1 


-2313 


-2073 


49 


COM3 


2313 


-755 


76 


SEG27 


-755 


2313 


23 


GND 


-2280 


-2290 


50 


COM4 


2313 


-539 


77 


SEG26 


-970 


2313 


24 


OSC1 


-2080 


-2290 


51 


COM5 


2313 


-323 


78 


SEG25 


-1186 


2313 


25 


OSC2 


-1749 


-2290 


52 


COM6 


2313 


-108 


79 


SEG24 


-1401 


2313 


26 


V1 


-1550 


-2290 


53 


COM7 


2313 


108 


80 


SEG23 


-1617 


2313 


27 


V2 


-1268 


-2290 


54 


COM8 


2313 


323 
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Figure 7 HCD44780U*** 
HITACHI 



Chip Shipment Products 



HCD66702RA00, HCD66702RA00L 




Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 5.20 x 5.20mm 
: Pad Center 
: Chip Center 
: 90x90^m 



[ Unit :/*m ] 



Pad 


Function 


Coordinate 


Pad 




Coordinate 


Pad 




Coordinate 


No 


X 


Y 


No 


Function 


X 


Y 


No 


Function 


X 


Y 


1 


SEG34 


-2475 


2350 


35 


GND 


-2475 


-2180 


69 


COM7 


1990 


-2475 


2 


SEG33 


-2475 


2205 


36 


OSC2 


-2475 


-2325 


70 


COM8 


2125 


-2475 


3 


SEG32 


-2475 


2065 


37 


OSC1 


-2445 


-2475 


71 


COM9 


2265 


-2475 


4 


SEG31 


-2475 


1925 


38 


VCC 


-2305 


-2475 


72 


COM10 


2410 


-2475 


5 


SEG30 


-2475 


1790 


39 


VCC 


-2165 


-2475 


73 


COM 11 


2475 


-2290 


c 
o 




-2475 


1655 




V1 


-2025 


-2475 


74 


COM 12 


2475 


-2145 


7 


cc/;oft 

5tu2o 


-2475 


1525 


41 


V2 


- 1875 


-2475 


7c 
/5 


VAJIVI I 5 


2475 


-2005 


Q 
O 


CC/S37 


-2475 


1395 


713 

42 


\/3 

V3 


- 1745 


-2475 


/D 


fYMViM 71 


2475 


-1865 




5bl320 


- 2475 


1265 


713 
43 


\/71 

V4 


_ 1 CQC 


- 2475 


"71 


vajivn 3 




- 1730 

1 / JV 


1U 


5h(j25 


— 4fc*t / 3 


1 133 


A A 

44 


V5 


— I*f03 


— 57171; 

— 4.H/ 3 


70 


/VMUM C 




— 1 3373 


1 1 


SEG24 


_ 3717c 




45 


/"I 1 

CL1 


— 133* 

— I333 


_ 7 A 7 c 


79 


ScGlUU 




— 171AC. 

— I403 


12 


SEG23 


37i7C 
— 24/5 


07C 

o/5 


46 


CL2 


1 1 oc 


— 24/5 


80 


SEG99 


3/I7C 

24/5 


1 33C 

- 1id5 


13 


SEG22 


37I7C 

— 2475 


"7 AC 

745 


47 


M 


1 ACC 

- 1055 


- 2475 


81 


SEG98 


2475 


- 1205 


14 


SEG21 


-2475 


615 


48 


D 


-905 


-2475 


82 


SEG97 


2475 


- 1075 


15 


SEG20 


-2475 


485 


49 


EXT 


-775 


-2475 


83 


SEG96 


2475 


-945 


16 


SEG19 


-2475 


355 


50 


TEST 


-625 


-2475 


84 


SEG95 


2475 


-815 


17 


SEG18 


-2475 


225 


51 


GND 


-495 


-2475 


85 


SEG94 


2475 


-685 


18 


SEG17 


-2475 


95 


52 


RS 


-345 


-2475 


86 


SEG93 


2475 


-555 


19 


SEG16 


-2475 


-35 


53 


R/W 


-195 


-2475 


87 


SEG92 


2475 


-425 


20 


SEG15 


-2475 


-165 


54 


E 


-45 


-2475 


88 


SEG91 


2475 


-295 


21 


SEG14 


-2475 


-295 


55 


DB0 


85 


-2475 


89 


SEG90 


2475 


-165 


22 


SEG13 


-2475 


-425 


56 


DB1 


235 


-2475 


90 


SEG89 


2475 


-35 


23 


SEG12 


-2475 


-555 


57 


DB2 


365 


-2475 


91 


SEG88 


2475 


95 


24 


SEG11 


-2475 


-685 


58 


DB3 


515 


-2475 


92 


SEG87 


2475 


225 


25 


SEG10 


-2475 


-815 


59 


DB4 


645 


-2475 


93 


SEG86 


2475 


355 


26 


SEG9 


-2475 


-945 


60 


DB5 


795 


-2475 


94 


SEG85 


2475 


485 


27 


SEG8 


-2475 


-1075 


61 


DB6 


925 


-2475 


95 


SEG84 


2475 


615 


28 


SEG7 


-2475 


-1205 


62 


DB7 


1075 


-2475 


96 


SEG83 


2475 


745 


29 


SEG6 


-2475 


-1335 


63 


COM1 


1205 


-2475 


97 


SEG82 


2475 


875 


30 


SEG5 


-2475 


-1465 


64 


COM2 


1335 


-2475 


98 


SEG81 


2475 


1005 


31 


SEG4 


-2475 


-1600 


65 


COM3 


1465 


-2475 


99 


SEG80 


2475 


1135 


32 


SEG3 


-2475 


-1735 


66 


COM4 


1595 


-2475 


100 


SEG79 


2475 


1265 


33 


SEG2 


-2475 


-1870 


67 


COM5 


1725 


-2475 


101 


SEG78 


2475 


1395 


34 


SEG1 


-2475 


-2010 


68 


COM6 


1855 


-2475 


102 


SEG77 


2475 


1525 



Figure 8 HCD66702RA00, HCD66702RA00L (1) 
HITACHI 
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Chip Shipment Products 



• HCD66702RA00, HCD66702RA00L 



[ Unit : pirn ] 



rao 

Ms* 


Function 


Coordinate 


Pad 

NO 


Function 


Coordinate 


Pad 

IMO 


Function 


Coordinate 


X 


Y 


X 


Y 


X 


Y 


1 AO 

1U3 


CC/21C 


2475 


1655 


117 


Scud2 


1235 


2475 


13 i 


5cva4o 


-585 


2475 


1 A/I 


CC/S7C 
5t(j75 


2475 


1790 


<<o 
IIO 


Stool 


1105 


2475 


132 


SEG47 


-715 


2475 


105 


SEG74 


2475 


1925 


119 


SEG60 


975 


2475 


133 


SEG46 


-845 


2475 


106 


SEG73 


2475 


2065 


120 


SEG59 


845 


2475 


134 


SEG45 


-975 


2475 


107 


SEG72 


2475 


2205 


121 


SEG58 


715 


2475 


135 


SEG44 


-1105 


2475 




Sfctj/l 


2475 


2350 


122 


CC/-C7 

5cu57 


585 


2475 


13o 


Scu43 


-1235 


2475 


109 


SEG70 


2320 


2475 


123 


SEG56 


455 


2475 


137 


SEG42 


-1365 


2475 


110 


SEG69 


2175 


2475 


124 


SEG55 


325 


2475 


138 


SEG41 


-1495 


2475 


111 


SEG68 


2035 


2475 


125 


SEG54 


195 


2475 


139 


SEG40 


-1625 


2475 


112 


SEG67 


1895 


2475 


126 


SEG53 


65 


2475 


140 


SEG39 


-1760 


2475 


113 


SEG66 


1760 


2475 


127 


SEG52 


-65 


2475 


141 


SEG38 


-1895 


2475 


114 


SEG65 


1625 


2475 


128 


SEG51 


-195 


2475 


142 


SEG37 


-2035 


2475 


115 


SEG64 


1495 


2475 


129 


SEG50 


-325 


2475 


143 


SEG36 


-2175 


2475 


116 


SEG63 


1365 


2475 


130 


SEG49 


-455 


2475 


144 


SEG35 


-2320 


2475 



Figure 8 HCD66702RA00, HCD66702RA00L (2) 



no 



HITACHI 



Chip Shipment Products 



HCD66702R***, HCD66702R***L 




Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



5.20 x 5.20mm 
: Pad Center 
: Chip Center 
: 90x90^m 



[ Unit : fim ] 



Pad 




Coordinate 


Pad 


Function 


Coordinate 


Pad 


Function 


Coordinate 


No 




X 


Y 


No 




X 


Y 


No 




X 


Y 


1 


SEG34 


-2475 


2350 


35 


GND 


-2475 


-2180 


69 


COM7 


1990 


-2475 


2 


SEG33 


-2475 


2205 


36 


OSC2 


-2475 


-2325 


70 


COM8 


2125 


-2475 


3 


SEG32 


-2475 


2065 


37 


OSC1 


-2445 


-2475 


71 


COM9 


2265 


-2475 


4 


SEG31 


-2475 


1925 


38 


vcc 


-2305 


-2475 


72 


COM10 


2410 


-2475 


5 


SEG30 


-2475 


1790 


39 


vcc 


-2165 


-2475 


73 


COM11 


2475 


-2290 


6 


SEG29 


-2475 


1655 


40 


V1 


-2025 


-2475 


74 


COM12 


2475 


-2145 


7 


SEG28 


-2475 


1525 


41 


V2 


-1875 


-2475 


75 


COM13 


2475 


-2005 


8 


SEG27 


-2475 


1395 


42 


V3 


-1745 


-2475 


76 


COM14 


2475 


-1865 


9 


SEG26 


-2475 


1265 


43 


V4 


-1595 


-2475 


77 


COM15 


2475 


-1730 


10 


SEG25 


-2475 


1135 


44 


V5 


-1465 


-2475 


78 


COM16 


2475 


-1595 


11 


SEG24 


-2475 


1005 


45 


CL1 


-1335 


-2475 


79 


SEG100 


2475 


-1465 


12 


SEG23 


-2475 


875 


46 


CL2 


-1185 


-2475 


80 


SEG99 


2475 


-1335 


13 


SEG22 


-2475 


745 


47 


M 


-1055 


-2475 


81 


SEG98 


2475 


-1205 


14 


SEG21 


-2475 


615 


48 


D 


-905 


-2475 


82 


SEG97 


2475 


-1075 


15 


SEG20 


-2475 


485 


49 


EXT 


-775 


-2475 


83 


SEG96 


2475 


-945 


16 


SEG19 


-2475 


355 


50 


TEST 


-625 


-2475 


84 


SEG95 


2475 


-815 


17 


SEG18 


-2475 


225 


51 


GND 


-495 


-2475 


85 


SEG94 


2475 


-685 


18 


SEG17 


-2475 


95 


52 


RS 


-345 


-2475 


86 


SEG93 


2475 


-555 


19 


SEG16 


-2475 


-35 


53 


R/W 


-195 


-2475 


87 


SEG92 


2475 


-425 


20 


SEG15 


-2475 


-165 


54 


E 


-45 


-2475 


88 


SEG91 


2475 


-295 


21 


SEG14 


-2475 


-295 


55 


DB0 


85 


-2475 


89 


SEG90 


2475 


-165 


22 


SEG13 


-2475 


-425 


56 


DB1 


235 


-2475 


90 


SEG89 


2475 


-35 


23 


SEG12 


-2475 


-555 


57 


DB2 


365 


-2475 


91 


SEG88 


2475 


95 


24 


SEG11 


-2475 


-685 


58 


DB3 


515 


-2475 


92 


SEG87 


2475 


225 


25 


SEG10 


-2475 


-815 


59 


DB4 


645 


-2475 


93 


SEG86 


2475 


355 


26 


SEG9 


-2475 


-945 


60 


DB5 


795 


-2475 


94 


SEG85 


2475 


485 


27 


SEG8 


-2475 


-1075 


61 


DB6 


925 


-2475 


95 


SEG84 


2475 


615 


28 


SEG7 


-2475 


-1205 


62 


DB7 


1075 


-2475 


96 


SEG83 


2475 


745 


29 


SEG6 


-2475 


-1335 


63 


COM1 


1205 


-2475 


97 


SEG82 


2475 


875 


30 


SEG5 


-2475 


-1465 


64 


COM2 


1335 


-2475 


98 


SEG81 


2475 


1005 


31 


SEG4 


-2475 


-1600 


65 


COM3 


1465 


-2475 


99 


SEG80 


2475 


1135 


32 


SEG3 


-2475 


-1735 


66 


COM4 


1595 


-2475 


100 


SEG79 


2475 


1265 


33 


SEG2 


-2475 


-1870 


67 


COM5 


1725 


-2475 


101 


SEG78 


2475 


1395 


34 


SEG1 


-2475 


-2010 


68 


COM6 


1855 


-2475 


102 


SEG77 


2475 


1525 



Figure 9 HCD66702R***, HCD66702R***L (1) 
HITACHI 



in 



Chip Shipment Products 



• HCD66702R*** , HCD66702R***L 



[ Unit : ] 



Pad 


Function 


Coordinate 


Pad 


Function 


Coordinate 


Pad 


Function 


Coordinate 


No 


X 


Y 


No 


X 


Y 


No 


X 


Y 


103 


SEG76 


2475 


1655 


117 


SEG62 


1235 


2475 


131 


SEG48 


-585 


2475 






2475 


1790 


I IO 


3E.V3D I 


1105 


2475 


1^5 
1 3c. 


3C\3Hf 


-715 


2475 


1UD 




2475 


1925 


1 1Q 

i \y 


JCVJOU 


975 


2475 


151 
1 33 


CC/ZAC, 


-845 


2475 


1 AC 




2475 


2065 


1 *>A 




845 


2475 


1 34 


5cvi45 


-975 


2475 


1U/ 






HUD 


1 *>1 
1Z1 




71 R 




1 3D 


CCS? /I /I 


— 1 mR 




108 


SEG71 


2475 


2350 


122 


SEG57 


585 


2475 


136 


SEG43 


-1235 


2475 


109 


SEG70 


2320 


2475 


123 


SEG56 


455 


2475 


137 


SEG42 


-1365 


2475 


110 


SEG69 


2175 


2475 


124 


SEG55 


325 


2475 


138 


SEG41 


-1495 


2475 


111 


SEG68 


2035 


2475 


125 


SEG54 


195 


2475 


139 


SEG40 


-1625 


2475 


112 


SEG67 


1895 


2475 


126 


SEG53 


65 


2475 


140 


SEG39 


-1760 


2475 


113 


SEG66 


1760 


2475 


127 


SEG52 


-65 


2475 


141 


SEG38 


-1895 


2475 


114 


SEG65 


1625 


2475 


128 


SEG51 


-195 


2475 


142 


SEG37 


-2035 


2475 


115 


SEG64 


1495 


2475 


129 


SEG50 


-325 


2475 


143 


SEG36 


-2175 


2475 


116 


SEG63 


1365 


2475 


130 


SEG49 


-455 


2475 


144 


SEG35 


-2320 


2475 



Figure 9 HCD66702R***, HCD66702R***L (2) 



112 



HITACHI 



Chip Shipment Products 



HCD66710A00 



2-1 



1 100 



8180 



/ 
Type code 



Chip size (X x Y): 5.36 mm x 6.06 mm 
Coordinate: Pad center 
79 Origin: Chip center 

Pad size (X x Y): 1 00 pm x 100 pm 



Y 



29--0 



30 31 



5051 



3--52 



Pad 



Coordinate 



Coordinate 



(Unit: jim) 
Coordinate 



No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


1 


SEG27 


-2495 


2910 


35 


COM20 


-1102 


-2910 


68 


DB4 


2675 


501. 


2 


SEG28 


-2695 


2730 


36 


COM19 


-899 


-2910 


69 


DB5 


2675 


700 


3 


SEG29 


-2695 


2499 


37 


COM18 


-700 


-2910 


70 


DB6 


2675 


900 


4 


SEG30 


-2695 


2300 


38 


COM17 


-500 


-2910 


71 


DB7 


2675 


1099 


5 


SEG31 


-2695 


2100 


39 


COM8 


-301 


-2910 


72 


EXT 


2675 


1299 


6 


SEG32 


-2695 


1901 


40 


COM7 


-101 


-2910 


73 


TEST 


2675 


1502 


7 


SEG33 


-2695 


1698 


41 


COM6 


99 


-2910 


74 


Vcc 


2695 


1698 


8 


SEG34 


-2695 


1498 


42 


COM5 


302 


-2910 


75 


SEG1 


2695 


1901 


9 


SEG35 


-2695 


1295 


43 


COM4 


502 


-2910 


76 


SEG2 


2695 


2104 


10 


SEG36 


-2695 


1099 


44 


COM3 


698 


-2910 


77 


SEG3 


2695 


2300 


11 


SEG37 


-2695 


900 


45 


COM2 


887 


-2910 


78 


SEG4 


2695 


2503 


12 


SEG38 


-2695 


700 


46 


COM1 


1077 


-2910 


79 


SEG5 


2695 


2730 


13 


SEG39 


-2695 


501 


47 


COM33 


1266 


-2910 


80 


SEG6 


2495 


2910 


14 


SEG40 


-2695 


301 


48 


V1 


1488 


-2910 


81 


SEG7 


2049 


2910 


15 


COM9 


-2695 


98 


49 


V2 


1710 


-2910 


82 


SEG8 


1699 


2910 


16 


COM10 


-2695 


-113 


50 


V3 


2063 


-2910 


83 


SEG9 


1499 


2910 


17 


COM11 


-2695 


-302 


51 


V4 


2458 


-2910 


84 


SEG10 


1300 


2910 


18 


COM12 


-2695 


-501 


52 


V5 


2660 


-2731 


85 


SEG11 


1100 


2910 


19 


COM13 


-2695 


-701 


53 


V50UT3 


2660 


-2500 


86 


SEG12 


901 


2910 


20 


COM14 


-2695 


-900 


54 


V50UT2 


2660 


-2300 


87 


SEG13 


701 


2910 


21 


COM15 


-2695 


-1100 


55 


GND 


2640 


-2090 


88 


SEG14 


502 


2910 


22 


COM16 


-2695 


-1303 


56 


C1 


2650 


-1887 


89 


SEG15 


299 


2910 


23 


COM25 


-2695 


-1502 


57 


C2 


2675 


-1702 


90 


SEG16 


99 


2910 


24 


COM26 


-2695 


-1702 


58 


VCI 


2675 


-1502 


91 


SEG17 


-101 


2910 


25 


COM27 


-2695 


-1901 


59 


OSC1 


2675 


-1303 


92 


SEG18 


-301 


2910 


26 


COM28 


-2695 


-2101 


60 


OSC2 


2675 


-1103 


93 


SEG19 


-500 


2910 


27 


COM29 


-2695 


-2300 


61 


RS 


2675 


-900 


94 


SEG20 


-700 


2910 


28 


COM30 


-2695 


-2500 


62 


R/W 


2675 


-701 


95 


SEG21 


-899 


2910 


29 


COM31 


-2695 


-2731 


63 


E 


2675 


-501 


96 


SEG22 


-1099 


2910 


30 


COM32 


-2495 


-2910 


64 


DB0 


2675 


-302 


97 


SEG23 


-1302 


2910 


31 


COM24 


-2051 


-2910 


65 


DB1 


2675 


-99 


98 


SEG24 


-1501 


2910 


32 


COM23 


-1701 


-2910 


66 


DB2 


2675 


98 


99 


SEG25 


-1701 


2910 


33 


COM22 


-1498 


-2910 


67 


DB3 


2675 


301 


100 


SEG26 


-2051 


2910 


34 


COM21 


-1302 


-2910 
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Chip size (X x Y): 5.36 mm x 6.06 mm 
Coordinate: Pad center 
• 79 Origin: Chip center 

Pad size (X x Y): 1 00 pm x 100 pm 



1 100 



2-1 



8180 



Type code 



Y 



29 



30 31 



5051 



3--52 



Coordinate 



Pad 



Coordinate 



(Unit: fim) 
Coordinate 



No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


No. 


Pad Name 


X 


Y 


1 


SEG27 


-2495 


2910 


35 


COM20 


-1102 


-2910 


68 


DB4 


2675 


501 


2 


SEG28 


-2695 


2730 


36 


COM19 


-899 


-2910 


69 


DB5 


2675 


700 


3 


SEG29 


-2695 


2499 


37 


COM18 


-700 


-2910 


70 


DB6 


2675 


900 


4 


SEG30 


-2695 


2300 


38 


COM17 


-500 


-2910 


71 


DB7 


2675 


1099 


5 


SEG31 


-2695 


2100 


39 


COM8 


-301 


-2910 


72 


EXT 


2675 


1299 


6 


SEG32 


-2695 


1901 


40 


COM7 


-101 


-2910 


73 


TEST 


2675 


1502 


7 


SEG33 


-2695 


1698 


41 


COM6 


99 


-2910 


74 


Vnrv 


2695 


1698 


8 


SEG34 


-2695 


1498 


42 


COM5 


302 


-2910 


75 


SEG1 


2695 


1901 


9 


SEG35 


-2695 


1295 


43 


COM4 


502 


-2910 


76 


SEG2 


2695 


2104 


10 


SEG36 


-2695 


1099 


44 


COM3 


698 


-2910 


77 


SEG3 


2695 


2300 


11 


SEG37 


-2695 


900 


45 


COM2 


887 


-2910 


78 


SEG4 


2695 


2503 


12 


SEG38 


-2695 


700 


46 


COM1 


1077 


-2910 


79 


SEG5 


2695 


2730 


13 


SEG39 


-2695 


501 


47 


COM33 


1266 


-2910 


80 


SEG6 


2495 


2910 


14 


SEG40 


-2695 


301 


48 


V1 


1488 


-2910 


81 


SEG7 


2049 


2910 


15 


COM9 


-2695 


98 


49 


V2 


1710 


-2910 


82 


SEG8 


1699 


2910 


16 


COM10 


-2695 


-113 


50 


V3 


2063 


-2910 


83 


SEG9 


1499 


2910 


17 


COM11 


-2695 


-302 


51 


V4 


2458 


-2910 


84 


SEG10 


1300 


2910 


18 


COM12 


-2695 


-501 


52 


V5 


2660 


-2731 


85 


SEG11 


1100 


2910 


19 


COM13 


-2695 


-701 


53 


V50UT3 


2660 


-2500 


86 


SEG12 


901 


2910 


20 


COM14 


-2695 


-900 


54 


V50UT2 


2660 


-2300 


87 


SEG13 


701 


2910 


21 


COM15 


-2695 


-1100 


55 


GND 


2640 


-2090 


88 


SEG14 


502 


2910 


22 


COM16 


-2695 


-1303 


56 


C1 


2650 


-1887 


89 


SEG15 


299 


2910 


23 


COM25 


-2695 


-1502 


57 


C2 


2675 


-1702 


90 


SEG16 


99 


2910 


24 


COM26 


-2695 


-1702 


58 


VCI 


2675 


-1502 


91 


SEG17 


-101 


2910 


25 


COM27 


-2695 


-1901 


59 


OSC1 


2675 


-1303 


92 


SEG18 


-301 


2910 


26 


COM28 


-2695 


-2101 


60 


OSC2 


2675 


-1103 


93 


SEG19 


-500 


2910 


27 


COM29 


-2695 


-2300 


61 


RS 


2675 


-900 


94 


SEG20 


-700 


2910 


28 


COM30 


-2695 


-2500 


62 


R/W 


2675 


-701 


95 


SEG21 


-899 


2910 


29 


COM31 


-2695 


-2731 


63 


E 


2675 


-501 


96 


SEG22 


-1099 


2910 


30 


COM32 


-2495 


-2910 


64 


DB0 


2675 


-302 


97 


SEG23 


-1302 


2910 


31 


COM24 


-2051 


-2910 


65 


DB1 


2675 


-99 


98 


SEG24 


-1501 


2910 


32 


COM23 


-1701 


-2910 


66 


DB2 


2675 


98 


99 


SEG25 


-1701 


2910 


33 


COM22 


-1498 


-2910 


67 


DB3 


2675 


301 


100 


SEG26 


-2051 


2910 


34 


COM21 


-1302 


-2910 
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HD61202D 



□ \ 

n N 



□□□□□ □□□□□□□aaonoD 



Q TYPE CODE 

□ 
□ 
a 

□ 

□ 
□ 
□ 
□ 



□ □□ □□□□□□□□□□ □□oDDaaaaa □□□ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



6.08 x 5.92mm 
Pad Center 
Chip Center 
100x10<Vm 



[ Unit : fxm ] 



Pad 


Function 


Coordinate 


Pad 




Coordinate 


Pad 




Coordinate 


No 


X 


Y 


No 


Function 


X 


Y 


No 


Function 


X 


Y 


1 


ADC 


-2674 


2806 


35 


Y38 


-1174 


-2806 


69 


Y4 


2882 


610 


2 


M 


-2882 


2612 


36 


Y37 


-962 


-2806 


70 


Y3 


2882 


826 


3 


VCC 


-2882 


2400 


37 


Y36 


-750 


-2806 


71 


Y2 


2882 


1042 


4 


V4R 


-2882 


2213 


38 


Y35 


-538 


-2806 


72 


Y1 


2882 


1258 


5 


V3R 


-2882 


2030 


39 


Y34 


-326 


-2806 


73 


VEE1 


2882 


1490 


6 


V2R 


-2882 


1838 


40 


Y33 


-114 


-2806 


74 


V1L 


2882 


1670 


7 


V1R 


-2882 


1655 


41 


Y32 


98 


-2806 


75 


V2L 


2882 


1847 


8 


VEE2 


-2882 


1478 


42 


Y31 


314 


-2806 


76 


V3L 


2882 


2030 


9 


Y64 


-2882 


1258 


43 


Y30 


530 


-2806 


77 


V4L 


2882 


2213 


10 


Y63 


-2882 


1042 


44 


Y29 


746 


-2806 


78 


GND 


2882 


2400 


11 


Y62 


-2882 


826 


45 


Y28 


962 


-2806 


79 


DB0 


2882 


2618 


12 


Y61 


-2882 


610 


46 


Y27 


1178 


-2806 


80 


DB1 


2514 


2806 


13 


Y60 


-2882 


394 


47 


Y26 


1394 


-2806 


81 


DB2 


2262 


2806 


14 


Y59 


- 2882 


178 


48 


Y25 


1610 


-2806 


82 


DB3 


1922 


2806 


1 9 


T DO 


-2882 


-38 






1826 


-2806 


oo 


UOH 


1670 


2806 


16 


Y57 


-2882 


-254 


50 


Y23 


2042 


-2806 


84 


DB5 


1330 


2806 


17 


Y56 


-2882 


-470 


51 


Y22 


2378 


-2806 


85 


DB6 


1078 


2806 


18 


Y55 


-2882 


-686 


52 


Y21 


2590 


-2806 


86 


DB7 


738 


2806 


19 


Y54 


-2882 


-902 


53 


Y20 


2802 


-2806 


87 








20 


Y53 


-2882 


-1118 


54 


Y19 


2882 


-2630 


88 








21 


Y52 


-2882 


-1334 


55 


Y18 


2882 


-2414 


89 








22 


Y51 


-2882 


-1550 


56 


Y17 


2882 


-2198 


90 


CS3 


426 


2806 


23 


Y50 


-2882 


-1766 


57 


Y16 


2882 


-1982 


91 


CS2 


126 


2806 


24 


Y49 


-2882 


-1982 


58 


Y15 


2882 


-1766 


92 


CS1 


-134 


2806 


25 


Y48 


-2882 


-2198 


59 


Y14 


2882 


-1550 


93 


RST 


-434 


2806 


26 


Y47 


-2882 


-2414 


60 


Y13 


2882 


-1334 


94 


RW 


-694 


2806 


27 


Y46 


-2882 


-2630 


61 


Y12 


2882 


-1118 


95 


Di 


-994 


2806 


28 


Y45 


-2802 


-2806 


62 


Y11 


2882 


-902 


96 


CL 


-1254 


2806 


29 


Y44 


-2586 


-2806 


63 


Y10 


2882 


-686 


97 


C2 


-1554 


2806 


30 


Y43 


-2370 


-2806 


64 


Y9 


2882 


-470 


98 


C1 


-1814 


2806 


31 


Y42 


-2034 


-2806 


65 


Y8 


2882 


-254 


99 


E 


-2114 


2806 


32 


Y41 


-1818 


-2806 


66 


Y7 


2882 


-38 


100 


FRM 


-2374 


2806 


33 


Y40 


-1602 


-2806 


67 


Y6 


2882 


178 










34 


Y39 


-1386 


-2806 


68 


Y5 


2882 


394 
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iota 



□ 0(9 □□□□□□□□□□ □□□□□□□□□□ □□ 




□ 
□ 

□ □□□ □ D □□□□ □ □ □ □ □ 



|typscope| □ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 5.18x5.18mm 
: Pad Center 
: Chip Center 
: 100x100^m 



[ Unit : /xm ] 



Pad 




Coordinate 


Pad 




Coordinate 


Pad 




Coordinate 


No 


Function 


X 


Y 


No 


Function 


X 


Y 


No 


Function 


X 


Y 


1 


X22 


-1928 


2440 


35 


R 


-904 


-2440 


69 


X54 


2440 


737 


2 


X21 


-2103 


2440 


36 








70 


X53 


2440 


912 


3 


X20 


-2278 


2440 


37 


CR 


-572 


-2440 


71 


X52 


2440 


1087 


4 


X19 


-2440 


2224 


38 








72 


X51 


2440 


1262 


5 


X18 


-2440 


2049 


39 


SHL 


-372 


-2440 


73 


X50 


2440 


1437 


6 


X17 


-2440 


1874 


40 


GND 


-172 


-2440 


74 


X49 


2440 


1612 


7 


X16 


-2440 


1699 


41 








75 


X48 


2440 


1787 


8 


X15 


-2440 


1524 


42 


MS 


16 


-2440 


76 


X47 


2440 


1962 


9 


X14 


-2440 


1349 


43 


CK2 


344 


-2440 


77 


X46 


2440 


2137 


10 


X13 


-2440 


1174 


44 


CK1 


644 


-2440 


78 


X45 


2440 


2312 


11 


X12 


-2440 


999 


45 








79 


X44 


2265 


2440 


12 


X11 


-2440 


824 


46 


FRM 


908 


-2440 


80 


X43 


2090 


2440 


13 


X10 


-2440 


649 


47 


M 


1232 


-2440 


81 


X42 


1809 


2440 


14 


X9 


-2440 


474 


48 








82 


X41 


1634 


2440 


1 C 

1 5 


VQ 
AO 


-2440 


299 


49 


rv.5 


1568 


-2440 


oi 




1459 


2440 


16 


X7 


-2440 


124 


50 


DR 


1868 


-2440 


84 


X39 


1284 


2440 


17 


X6 


-2440 


-59 


51 








85 


X38 


1102 


2440 


18 


X5 


-2440 


-234 


52 


CL2 


2268 


-2440 


86 


X37 


922 


2440 


19 


X4 


-2440 


-409 


53 








87 


X36 


742 


2440 


20 


X3 


-2440 


-587 


54 


V1R 


2440 


-1980 


88 


X35 


562 


2440 


21 


X2 


-2440 


-762 


55 


V2R 


2440 


-1804 


89 


X34 


387 


2440 


22 


XI 


-2440 


-937 


56 


V5R 


2440 


-1549 


90 


X33 


212 


2440 


23 


VEE1 


-2440 


-1112 


57 


V6R 


2440 


-1374 


91 


X32 


-55 


2440 


24 


V6L 


-2440 


-1287 


58 


VEE2 


2440 


-1199 


92 


X31 


-230 


2440 


25 


V5L 


-2440 


- 1 462 


59 


X64 


2440 


-1024 


93 


X30 


-405 


2440 


26 


V2L 


-2440 


-1701 


60 


X63 


2440 


-849 


94 


X29 


-580 


2440 


27 


V1L 


-2440 


-1876 


61 


X62 


2440 


-674 


95 


X28 


-767 


2440 


28 


VCC 


-2440 


-2052 


62 


X61 


2440 


-499 


96 


X27 


-942 


2440 


29 


DL 


-2248 


-2440 


63 


X60 


2440 


-324 


97 


X26 


-1117 


2440 


30 


FS 


-1944 


-2440 


64 


X59 


2440 


-149 


98 


X25 


-1292 


2440 


31 


DS1 


-1736 


-2440 


65 


X58 


2440 


26 


99 


X24 


-1483 


2440 


32 


DS2 


-1520 


-2440 


66 


X57 


2440 


212 


100 


X23 


-1658 


2440 


33 


C 


-1192 


-2440 


67 


X56 


2440 


387 










34 








68 


X55 


2440 


562 
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Figure 13 HD61203D 
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□ 
□ 



Itypecode] 



□ 



ja □ □ j3 f> p 



□ 
□ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 4.50 x 4.50mm 
: Pad Center 
: Chip Center 
: 100x100;um 



[ Unit : yum ] 



pad 




Coordinate 


raO 




Coordinate 


Pad 


Function 


Coordinate 


Kiss 

NO 


Function 


v 
A 


Y 


INU 


Function 




y 


No 




X 


Y 


1 


von 

Y Si) 


— 1 72R 


9100 
£. IVV 


3D 


V** 


-880 


-2100 


W3F 


Y62 


2100 


560 


I 




- 1<J25 

— 1 294.9 


2100 


3D 


\3lMLr 


-720 


-2100 


70 


Y61 


2100 


720 






- 2100 


2060 


37 




-470 


-2100 


71 


Y60 


2100 


880 


yi 
*» 


Y27 
It/ 


-2100 


1865 


38 








72 


Y59 


2100 


1040 


5 


Y26 


-2100 


1690 


39 


SHL 


-270 


-2100 


73 


Y58 


2100 


1200 


6 


Y25 


-2100 


1520 


40 


CL2 


-70 


-2100 


74 


Y57 


2100 


1360 


7 


Y24 


-2100 


1360 


41 


Di 


130 


-2100 


75 


Y56 


2100 


1520 


8 


Y23 


-2100 


1200 


42 


DO 


350 


-2100 


76 


Y55 


2100 


1690 


9 


Y22 


-2100 


1040 


43 








77 


Y54 


2100 


1865 


10 


Y21 


-2100 


880 


44 


M 


620 


-2100 


78 


Y53 


2100 


2060 


11 


Y20 


-2100 


720 


45 








79 


Y52 


1925 


2100 


12 


Y19 


-2100 


560 


46 


VCC 


980 


-2100 


80 


Y51 


1725 


2100 


13 


Y18 


-2100 


400 


47 








81 


Y50 


1520 


2100 


14 


Y17 


-2100 


240 


48 








82 


Y49 


1360 


2100 


15 


Y16 


-2100 


80 


49 








83 


Y48 


1200 


2100 


16 


Y15 


-2100 


-80 


50 








84 


Y47 


1040 


2100 


17 


Y14 


-2100 


-240 


51 


Y80 


1725 


-2100 


85 


Y46 


880 


2100 


18 


Y13 


-2100 


-400 


52 


Y79 


1925 


-2100 


86 


Y45 


720 


2100 


19 


Y12 


-2100 


-560 


53 


Y78 


2100 


-2060 


87 


Y44 


560 


2100 


20 


Y11 


-2100 


-720 


54 


Y77 


2100 


-1865 


88 


Y43 


400 


2100 


21 


Y10 


-2100 


-880 


55 


Y76 


2100 


-1690 


89 


Y42 


240 


2100 


22 


Y9 


-2100 


-1040 


56 


Y75 


2100 


-1520 


90 


Y41 


80 


2100 


23 


Y8 


-2100 


-1200 


57 


Y74 


2100 


-1360 


91 


Y40 


-80 


2100 


24 


Y7 


-2100 


-1360 


58 


Y73 


2100 


-1200 


92 


Y39 


-240 


2100 


25 


Y6 


-2100 


-1520 


59 


Y72 


2100 


-1040 


93 


Y38 


-400 


2100 


26 


Y5 


-2100 


-1690 


60 


Y71 


2100 


-880 


94 


Y37 


-560 


2100 


27 


Y4 


-2100 


-1865 


61 


Y70 


2100 


-720 


95 


Y36 


-720 


2100 


28 


Y3 


-2100 


-2060 


62 


Y69 


2100 


-560 


96 


Y35 


-880 


2100 


29 


Y2 


-1925 


-2100 


63 


Y68 


2100 


-400 


97 


Y34 


-1040 


2100 


30 


Y1 


-1725 


-2100 


64 


Y67 


2100 


-240 


98 


Y33 


-1200 


2100 


31 


VEE 


-1520 


-2100 


65 


Y66 


2100 


-80 


99 


Y32 


-1360 


2100 


32 


V1 


-1360 


-2100 


66 


Y65 


2100 


80 


100 


Y31 


-1520 


2100 


33 


V2 


-1200 


-2100 


67 


Y64 


2100 


240 










34 


V3 


-1040 


-2100 


68 


Y63 


2100 


400 
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10 QOOOO Q OOP QOOOO OOOOO OQ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 4.84x5.1 6mm 
: Pad Center 
: Chip Center 
: 100x100yam 



Q -66 

O *65 



I Unit : pm ] 



Pad 




Coordinate 


Pad 




Coordinate 
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Coordinate 
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NO 
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A 


v 

T 


No 


Function 


v 
A 


v 

T 
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A 


v 

T 


1 


Y30 
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5A3ft 
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35 
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09 


Y02 


557ft 


£13 
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7 
2 


Y29 


— £<£ 1 VI 


5A3ft 


3d 


VIA.D2 


— /Ov 


_ 7/l3ft 


7A 

/o 


VC1 

YOl 


557ft 


7ftft 
ZOO 


3 


Y2o 




51ftft 
£. IDO 


37 


GND 


— OU4 


— 5 /13ft 

— 4.43U 


7 I 


ven 
YOO 


557ft 


0£3 


4 


V7TT 
Y27 


— 557ft 


5ft13 
C\3 13 


3o 


f\ * 
CL1 


— ZL5A 


— 5 A3 ft 


77 
/2 


Y59 


557ft 


1 13ft 
I 1 30 


5 


VIC 

Y20 


_ 557ft 


1ft3ft 
10 JO 


39 


CUI 


— 53R 


— 5 A3 ft 


73 
/3 


VCQ 

Y5o 


557ft 
ZZ/U 


1313 
\3l3 





VIC 

Y25 


_ 777A 


1 ££3 

l 003 


/I A 

40 


CL2 


— 44 


— 5 A3 ft 


7VI 

/4 


Y57 


557ft 


1 Aftft 
1400 


7 


Y24 


_ 777ft 


14oo 


41 


CH1 


1 Aft 

140 


— 5A3ft 


75 


Y5o 


557ft 


1 ££3 
1 003 


8 


Y23 


— 24 /U 


13 IP 


42 


M 


341 


— 24 3U 


7o 


Y55 


22/U 


1 QOO 

lo3o 


9 


Y22 


— 2270 


113o 


43 


D3 


532 


- 2430 


77 


Y54 


177A 

2270 


7A1 7 

2013 


10 


Y21 


- 2270 


963 


44 


D2 


725 


-2430 


78 


Y53 


2270 


2188 


11 


Y20 


-2270 


788 


45 


D1 


916 


-2430 


79 


Y52 


2210 


2430 


12 


Y19 


-2270 


613 


46 


DO 


1109 


-2430 


80 


Y51 


2025 


2430 


13 


Y18 


-2270 


438 


47 


E 


1300 


-2430 


81 


Y50 


1663 


2430 


14 


Y17 


-2270 


263 


48 


CAR 


1484 


-2430 


82 


Y49 


1488 


2430 


15 


Y16 


-2270 


88 


49 


VCC 


1668 


-2430 


83 


Y48 


1313 


2430 


16 


Y15 


-2270 


-88 










84 


Y47 


1138 


2430 


17 


Y14 


-2270 


-263 


51 


Y80 


2025 


-2430 


85 


Y46 


963 


2430 


18 


Y13 


-2270 


-438 


52 


Y79 


2210 


-2430 


86 


Y45 


788 


2430 


19 


Y12 


-2270 


-613 


53 


Y78 


2270 


-2188 


87 


Y44 


613 


2430 


20 


Y11 


-2270 


-788 


54 


Y77 


2270 


-2013 


88 


Y43 


438 


2430 


21 


Y10 


-2270 


-963 


55 


Y76 


2270 


-1838 


89 


Y42 


263 


2430 


22 


Y9 


-2270 


-1138 


56 


Y75 


2270 


-1663 


90 


Y41 


88 


2430 


23 


Y8 


-2270 


-1313 


57 


Y74 


2270 


-1488 


91 


Y40 


-88 


2430 


24 


Y7 


-2270 


-1488 


58 


Y73 


2270 


-1313 


92 


Y39 


-263 


2430 


25 


Y6 


-2270 


- 1 663 


59 


Y72 


2270 


-1138 


93 


Y38 


-438 


2430 


26 


Y5 


-2270 


-1838 


60 


Y71 


2270 


-963 


94 


Y37 


-613 


2430 


27 


Y4 


-2270 


-2013 


61 


Y70 


2270 


-788 


95 


Y36 


-788 


2430 


28 


Y3 


-2270 


-2188 


62 


Y69 


2270 


-613 


96 


Y35 


-963 


2430 


29 


Y2 


-2210 


-2430 


63 


Y68 


2270 


-438 


97 


Y34 


-1138 


2430 


30 


Y1 


-2025 


-2430 


64 


Y67 


2270 


-263 


98 


Y33 


-1313 


2430 


31 


VLCD1 


-1663 


-2430 


65 


Y66 


2270 


-88 


99 


Y32 


-1488 


2430 


32 


V1 


-1488 


-2430 


66 


Y65 


2270 


88 


100 


Y31 


-1663 


2430 


33 


V2 


-1313 


-2430 


67 


Y64 


2270 


263 










34 


V3 


-1138 


-2430 


68 


Y63 


2270 


438 
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Figure 15 HD66106D 
HITACHI 



Chip Shipment Products 



HCD66204 



D 



\ 

TYPE CODE 



a 



□□□□□□□□□□□□□□a a a 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 3.80 x 4.60mm 
: Pad Center 
: Chip Center 
: 100x100/<m 



[ Unit : fxm ] 



Pad 




Coordinate 


Pad 


Fimr+iftn 


Coordinate 


Pad 


Funrtinn 


Coordinate 


No 


runtiiv/n 


X 


Y 


No 


rui ivuvn 1 


X 


Y 


No 


r ui iv vivi i 


X 


Y 


1 


Y51 


-1748 


2150 


34 


V4 


-952 


-2150 


67 


Y20 


1750 


735 


2 


Y52 


-1750 


1940 


35 


VEE 


-812 


-2150 


68 


Y21 


1750 


880 


3 


Y53 


-1750 


1770 


36 


M 


-652 


-2150 


69 


Y22 


1750 


1025 


4 


Y54 


-1750 


1615 


37 


CL1 


-438 


-2150 


70 


Y23 


1750 


1170 


5 


Y55 


-1750 


1470 


38 


GND 


-250 


-2150 


71 


Y24 


1750 


1315 


6 


Y56 


-1750 


1325 


39 


DiSPOFF 


-82 


-2150 


72 


Y25 


1750 


1460 


7 


Y57 


-1750 


1180 


40 


VCC 


98 


-2150 


73 


Y26 


1750 


1605 


8 


Y58 


-1750 


1035 


41 


SHL 


278 


-2150 


74 


Y27 


1750 


1750 


9 


Y59 


-1750 


890 


42 


D3 


426 


-2150 


75 


Y28 


1750 


1900 


10 


Y60 


-1750 


745 


43 


D2 


640 


-2150 


76 


Y29 


1750 


2120 


11 


Y61 


-1750 


600 


44 


D1 


788 


-2150 


77 


Y30 


1610 


2150 


12 


Y62 


-1750 


455 


45 


DO 


1002 


-2150 


78 


Y31 


1432 


2150 


13 


Y63 


-1750 


310 


46 


CL2 


1150 


-2150 


79 


Y32 


1273 


2150 


14 


Y64 


-1750 


165 


47 


CAR 


1458 


-2150 


80 


Y33 


1114 


2150 


15 


Y65 


-1750 


20 


48 


Y1 


1750 


-2150 


81 


Y34 


955 


2150 


16 


Y66 


-1750 


-125 


49 


Y2 


1750 


-1930 


82 


Y35 


796 


2150 


17 


Y67 


-1750 


-270 


50 


Y3 


1750 


-1760 


83 


Y36 


637 


2150 


18 


Y68 


-1750 


-415 


51 


Y4 


1750 


-1605 


84 


Y37 


478 


2150 


19 


Y69 


-1750 


-560 


52 


Y5 


1750 


-1460 


85 


Y38 


319 


2150 


20 


Y70 


-1750 


-705 


53 


Y6 


1750 


-1315 


86 


Y39 


160 


2150 


21 


Y71 


-1750 


-850 


54 


Y7 


1750 


-1170 


87 


Y40 


1 


2150 


22 


Y72 


-1750 


-995 


55 


Y8 


1750 


-1025 


88 


Y41 


-158 


2150 


23 


Y73 


-1750 


-1140 


56 


Y9 


1750 


-860 


89 


Y42 


-317 


2150 


24 


Y74 


-1750 


-1285 


57 


Y10 


1750 


-715 


90 


Y43 


-476 


2150 


25 


Y75 


-1750 


-1430 


58 


Y11 


1750 


-570 


91 


Y44 


-635 


2150 


26 


Y76 


-1750 


-1575 


59 


Y12 


1750 


-425 


92 


Y45 


-794 


2150 


27 


Y77 


-1750 


-1720 


60 


Y13 


1750 


-280 


93 


Y46 


-953 


2150 


28 


Y78 


-1750 


-1865 


61 


Y14 


1750 


-135 


94 


Y47 


-1112 


2150 


29 


Y79 


- 1750 


-2110 


62 


Y15 


1750 


10 


95 


Y48 


-1271 


2150 


30 


Y80 


-1610 


-2150 


63 


Y16 


1750 


155 


96 


Y49 


-1430 


2150 


31 


E 


-1434 


-2150 


64 


Y17 


1750 


300 


97 


Y50 


-1589 


2150 


32 


V1 


-1232 


-2150 


65 


Y18 


1750 


445 










33 


V3 


-1092 


-2150 


66 


Y19 


1750 


590 











Figure 16 HCD66204 
HITACHI 
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Chip Shipment Products 



HCD66205 



D 



\ 

TYPE CODE 



29- 40 □□□□□□□□□□□□ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 3.80 x 4.60mm 
: Pad Center 
: Chip Center 
: 100x100//m 



I Unit : fim ] 



Pad 




Coordinate 


Pad 




Coordinate 


Pad 




Coordinate 


No 


Function 


X 


Y 


No 


Function 


X 


Y 


No 


Function 


X 


Y 


1 


X51 


-1748 


2150 


32 


VEE 


-1042 


-2150 


63 


X21 


1750 


880 


2 


X52 


-1750 


1940 


33 


V5 


-842 


-2150 


64 


X22 


1750 


1025 


3 


X53 


-1750 


1770 


34 


V6 


-644 


-2150 


65 


X23 


1750 


1170 


4 


X54 


-1750 


1615 


35 


V1 


-444 


-2150 


66 


X24 


1750 


1315 


5 


X55 


-1750 


1470 


35 


DISPOFF 


-222 


-2150 


67 


X25 


1750 


1460 


6 


X56 


-1750 


1325 


37 


VCC 


-16 


-2150 


68 


X26 


1750 


1605 


7 


X57 


-1750 


1180 


38 


SHL 


206 


-2150 


69 


X27 


1750 


1750 


8 


X58 


-1750 


1035 


39 


GND 


474 


-2150 


70 


X28 


1750 


1900 


9 


X59 


-1750 


890 


40 


M 


746 


-2150 


71 


X29 


1750 


2120 


10 


X60 


-1750 


745 


41 


CL 


1010 


-2150 


72 


X30 


1610 


2150 


11 


X61 


-1750 


600 


42 


D1 


1274 


-2150 


73 


X31 


1432 


2150 


12 


X62 


-1750 


455 


43 


X1 


1750 


-2150 


74 


X32 


1273 


2150 


13 


X63 


-1750 


310 


44 


X2 


1750 


-1930 


75 


X33 


1114 


2150 


14 


X64 


-1750 


165 


45 


X3 


1750 


-1760 


76 


X34 


955 


2150 


15 


X65 


-1750 


20 


46 


X4 


1750 


-1605 


77 


X35 


796 


2150 


16 


X66 


-1750 


-125 


47 


X5 


1750 


-1460 


78 


X36 


637 


2150 


17 


X67 


-1750 


-270 


48 


X6 


1750 


-1315 


79 


X37 


478 


2150 


18 


X68 


-1750 


-415 


49 


X7 


1750 


-1170 


80 


X38 


319 


2150 


19 


X69 


-1750 


-560 


50 


X8 


1750 


-1025 


81 


X39 


160 


2150 


20 


X70 


-1750 


-705 


51 


X9 


1750 


-860 


82 


X40 


1 


2150 


21 


X71 


-1750 


-850 


52 


X10 


1750 


-715 


83 


X41 


-158 


2150 


22 


X72 


-1750 


-995 


53 


X11 


1750 


-570 


84 


X42 


-317 


2150 


23 


X73 


-1750 


-1140 


54 


X12 


1750 


-425 


85 


X43 


-476 


2150 


24 


X74 


-1750 


-1285 


55 


X13 


1750 


-280 


86 


X44 


-635 


2150 


25 


X75 


-1750 


-1430 


56 


X14 


1750 


-135 


87 


X45 


-794 


2150 


26 


X76 


-1750 


-1575 


57 


X15 


1750 


10 


88 


X46 


-953 


2150 


27 


X77 


-1750 


-1720 


58 


X16 


1750 


155 


89 


X47 


-1112 


2150 


28 


X78 


-1750 


-1865 


59 


X17 


1750 


300 


90 


X48 


-1271 


2150 


29 


X79 


-1750 


-2110 


60 


X18 


1750 


445 


91 


X49 


-1430 


2150 


30 


X80 


-1610 


-2150 


61 


X19 


1750 


590 


92 


X50 


-1589 


2150 


31 


DO 


-1294 


-2150 


62 


X20 


1750 


735 











Figure 17 HCD66205 



120 



HITACHI 



Chip Shipment Products 



HCD66204L 



□□□□□□□a □□□□aaoa. 



\ 

TYPE CODE 



□ □□□□□□□□□□□□□□ □□ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 3.80 x 4.60mm 
: Pad Center 
: Chip Center 
: 100x100/*m 



[ Unit : ftm ] 



Pad 




Coordinate 


Pad 


Function 


Coordinate 


Pad 


Function 


Coordinate 


No 


Function 


X 


Y 


No 


X 


Y 


No 




X 


Y 


1 


Y51 


-1748 


2150 


34 


V4 


-952 


-2150 


67 


Y20 


1750 


735 


2 


Y52 


-1750 


1940 


35 


VEE 


-812 


-2150 


68 


Y21 


1750 


880 


3 


Y53 


-1750 


1770 


36 


M 


-652 


-2150 


69 


Y22 


1750 


1025 


4 


Y54 


-1750 


1615 


37 


CL1 


-438 


-2150 


70 


Y23 


1750 


1170 


5 


Y55 


-1750 


1470 


38 


GND 


-250 


-2150 


71 


Y24 


1750 


1315 


6 


Y56 


-1750 


1325 


39 


DISPOFF 


-82 


-2150 


72 


Y25 


1750 


1460 


7 


Y57 


-1750 


1180 


40 


VCC 


98 


-2150 


73 


Y26 


1750 


1605 


8 


Y58 


-1750 


1035 


41 


SHL 


278 


-2150 


74 


Y27 


1750 


1750 


9 


Y59 


-1750 


890 


42 


D3 


426 


-2150 


75 


Y28 


1750 


1900 


10 


Y60 


-1750 


745 


43 


D2 


640 


-2150 


76 


Y29 


1750 


2120 


1 1 


Y61 


-1750 


600 


44 


D1 


788 


-2150 


77 


Y30 


1610 


2150 


12 


Y62 


-1750 


455 


45 


DO 


1002 


-2150 


78 


Y31 


1432 


2150 


13 


Y63 


- 1750 


310 


46 


CL2 


1150 


- 2150 


79 


Y32 


1273 


2150 


14 


Y64 


-1750 


165 


47 


CAR 


1458 


-2150 




T 09 


1114 


2150 


15 


Y65 


-1750 


20 


48 


Y1 


1750 


-2150 


81 


Y34 


955 


2150 


16 


Y66 


-1750 


-125 


49 


Y2 


1750 


-1930 


82 


Y35 


796 


2150 


17 


Y67 


-1750 


-270 


50 


Y3 


1750 


-1760 


83 


Y36 


637 


2150 


18 


Y68 


-1750 


-415 


51 


Y4 


1750 


-1605 


84 


Y37 


478 


2150 


19 


Y69 


-1750 


-560 


52 


Y5 


1750 


-1460 


85 


Y38 


319 


2150 


20 


Y70 


-1750 


-705 


53 


Y6 


1750 


-1315 


86 


Y39 


160 


2150 


21 


Y71 


-1750 


-850 


54 


Y7 


1750 


-1170 


87 


Y40 


1 


2150 


22 


Y72 


-1750 


-995 


55 


Y8 


1750 


-1025 


88 


Y41 


-158 


2150 


23 


Y73 


-1750 


-1140 


56 


Y9 


1750 


-860 


89 


Y42 


-317 


2150 


24 


Y74 


-1750 


-1285 


57 


Y10 


1750 


-715 


90 


Y43 


-476 


2150 


25 


Y75 


-1750 


-1430 


58 


Y11 


1750 


-570 


91 


Y44 


-635 


2150 


26 


Y76 


-1750 


-1575 


59 


Y12 


1750 


-425 


92 


Y45 


-794 


2150 


27 


Y77 


-1750 


-1720 


60 


Y13 


1750 


-280 


93 


Y46 


-953 


2150 


28 


Y78 


-1750 


-1865 


61 


Y14 


1750 


-135 


94 


Y47 


-1112 


2150 


29 


Y79 


-1750 


-2110 


62 


Y15 


1750 


10 


95 


Y48 


-1271 


2150 


30 


Y80 


-1610 


-2150 


63 


Y16 


1750 


155 


96 


Y49 


-1430 


2150 


31 


E 


-1434 


-2150 


64 


Y17 


1750 


300 


97 


Y50 


-1589 


2150 


32 


V1 


-1232 


-2150 


65 


Y18 


1750 


445 










33 


V3 


-1092 


-2150 


66 


Y19 


1750 


590 











Figure 18 HCD66204L 
HITACHI 



121 



Chip Shipment Products 



HCD66205L 







\ 

TYPE CODE 



29 40 □□□□□□□□□□□□ 



Chip Size (XxY) 

Coordinate 

Origin 

Pad Size (XxY) 



: 3.80 x 4.60mm 
: Pad Center 
: Chip Center 
: 100x100yum 



[ Unit : yum ] 



Pad 
No 




Coordinate 


Pad 
No 




Coordinate 


Pad 
No 




Coordinate 


Function 


X 


Y 


Function 


X 


Y 


Function 


X 


Y 


1 


X51 


-1748 


2150 


32 


VEE 


-1042 


-2150 


63 


X21 


1750 


880 


2 


X52 


-1750 


1940 


33 


V5 


-842 


-2150 


64 


X22 


1750 


1025 


3 


X53 


-1750 


1770 


34 


V6 


-644 


-2150 


65 


X23 


1750 


1170 


4 


X54 


-1750 


1615 


35 


V1 


-444 


-2150 


66 


X24 


1750 


1315 


5 


X55 


-1750 


1470 


35 


DISPOFF 


-222 


-2150 


67 


X25 


1750 


1460 


6 


X56 


-1750 


1325 


37 


VCC 


-16 


-2150 


68 


X26 


1750 


1605 


7 


X57 


-1750 


1180 


38 


SHL 


206 


-2150 


69 


X27 


1750 


1750 


8 


X58 


-1750 


1035 


39 


GND 


474 


-2150 


70 


X28 


1750 


1900 


9 


X59 


-1750 


890 


40 


M 


746 


-2150 


71 


X29 


1750 


2120 


10 


X60 


-1750 


745 


41 


CL 


1010 


-2150 


72 


X30 


1610 


2150 


11 


X61 


-1750 


600 


42 


D1 


1274 


-2150 


73 


X31 


1432 


2150 


12 


X62 


-1750 


455 


43 


XI 


1750 


-2150 


74 


X32 


1273 


2150 


13 


X63 


-1750 


310 


44 


X2 


1750 


-1930 


75 


X33 


1114 


2150 


14 


X64 


-1750 


165 


45 


X3 


1750 


-1760 


76 


X34 


955 


2150 


15 


X65 


-1750 


20 


46 


X4 


1750 


-1605 


77 


X35 


796 


2150 


16 


X66 


-1750 


-125 


47 


X5 


1750 


-1460 


78 


X36 


637 


2150 


17 


X67 


-1750 


-270 


48 


X6 


1750 


-1315 


79 


X37 


478 


2150 


18 


X68 


-1750 


-415 


49 


X7 


1750 


-1170 


80 


X38 


319 


2150 


19 


X69 


-1750 


-560 


50 


X8 


1750 


-1025 


81 


X39 


160 


2150 


20 


X70 


-1750 


-705 


51 


X9 


1750 


-860 


82 


X40 


1 


2150 


21 


X71 


-1750 


-850 


52 


X10 


1750 


-715 


83 


X41 


-158 


2150 


22 


X72 


-1750 


-995 


53 


X11 


1750 


-570 


84 


X42 


-317 


2150 


23 
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1. Views on Quality and Reliability 

Hitachi's basic quality aims are to meet indi- 
vidual user's purchase purpose and quality 
required, and to be at a satisfactory quality 
level considering general marketability. 
Quality required by users is specifically clear 
if the contract specification is provided. If not, 
quality required is not always definite. In 
both cases, Hitachi tries to assure reliability 
so that semiconductor devices delivered can 
perform their function in actual operating 
circumstances. To realize this quality in the 
manufacturing process, the key points should 
be to establish a quality control system in the 
process and to enhance the quality ethic. 
In addition, quality required by users of 
semiconductor devices is going toward 
higher levels as performance of electronic 
system in the market is increasing and 
expanding in size and application fields. To 
cover the situation, Hitachi is performing the 
following: 

1. Building in reliability in design at the stage 
of new product development. 

2. Buliding in quality at the sources of the 
manufacturing process. 

3. Executing stricter inspection and reliabil- 
ity confirmation of final products. 

4. Making quality levels higher with field 
data feedback. 

5. Cooperating with research laboratories for 
higher quality and reliability. 

With the views and methods mentioned 
above, utmost efforts are made to meet users' 
requirements. 

2. Reliability Design of Semiconductor 
Devices 

2.1 Reliability Targets 

The reliability target is the important factor 
in manufacture and sales as well as perfor- 
mance and price. It is not practical to rate 
reliability targets with failure rates under 
certain common test conditions. The reliabil- 
ity target is deterrnined corresponding to the 
character of equipment taking design, man- 
ufacture, inner process quality control, 
screening and test method, etc. into consid- 
eration, and considering the operating cir- 
cumstances of equipment the semiconductor 
device is used in, reliability target of the 
system, derating applied in design, operating 
condition, maintenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on 
reliability targets, timely study and execution 



of design standardization, device design (in- 
cluding process . design, structure design), 
design review, reliability test are essential. 

2.2.1 Design Standardization 

Establishment of design rules, and standard- 
ization of parts, material and process are 
necessary. To establish design rules, critical 
quality and reliability items are always stud- 
ied at circuit design, device design, layout 
design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability 
risk is extremely small even in newly devel- 
oped devices, except in cases where special 
functions are needed. 

2.2.2 Device Design 

It is important in device design to consider 
the total balance of process design, structure 
design, circuit and layout design. Especially 
when new processes and new materials are 
employed, careful technical study is executed 
prior to device development. 

2.2.3 Reliability Evaluation by Test Site 

Test site is sometimes called test pattern. It is 
a useful method for design and process reli- 
ability evaluation of ICs and LSIs which have 
complicated functions. 

Purposes of test site are: 

• Making fundamental failure mode clear 

• Analysis of relation between failure mode 
and manufacturing process condition 

• Search for failure mechanism analysis 

• Establishment of QC point in manufactur- 
ing 

Evaluation by test site is effective because: 

• Common fundamental failure mode and 
failure machanism in devices can be 
evaluated. 

• Factors dominating failure mode can be 
picked up, and comparison can be made 
with processes that have been experienced 
in field. 

• Relation between failure causes and man- 
ufacturing factors can be analyzed. 

• Easy to run tests. 

• Etc. 

2.3 Design Review 

Design review is an organized method to 
confirm that a design satisfies the required 
performance (including users') and that 
design work follows the specified methods, 
and whether or not improved technical items 
accumulated in test data of individual major 
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fields and field data are effectively built in. In 
addition, from the standpoint of enhance- 
ment of the competitive power of products, 
the major purpose of the design review is to 
ensure quality and reliability of the products. 
In Hitachi, design reviews are performed 
from the planning stage for new products 
and even for design changed products. Items 
discussed and determined at design review 
are as follows: 

1. Description of the products based on 
specified design documents. 

2. From the standpoint of the specialties of 
individual participants, design documents 
are studied, and if unclear matter is found, 
calculation, experiments, investigation, 
etc. will be carried out. 

3. Determine contents of reliability and 
methods, etc. based on design documents 
and drawings. 

4. Check process ability of manufacturing 
line to achieve design goal. 

5. Discussion about preparation for produc- 
tion. 

6. Planning and execution of subprograms 
for design changes proposed by individual 
specialists, and for tests, experiments and 
calculation to confirm the design changes. 

7. Reference of past failure experiences with 
similar devices, confirmation of methods to 
prevent them, and planning and execution 
of test programs for confirmation of them. 
These studies and decisions are made 
using check lists made individually de- 
pending on the objects. 

3. Quality Assurance System of Semi- 
conductor Devices 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in 
Hitachi are: 

1. Problems in an individual process should 
be solvec* in the process. Therefore, at final 
product stage, the potential failure factors 
have been already removed. 

2. Feedback of information should be used to 
ensure satisfactory level of process capa- 
bility. 

3. To assure required reliability as a result of 
the items mentioned above is the purpose 
of quality assurance. 

The following discusses device design, qual- 
ity approval at mass production, inner proc- 
ess quality control, product inspection and 
reliability tests. 

3.2 Quality Approval 



production stage of device design and the 
mass production stage based on reliability 
design as described in section 2. 
Hitachi's views on quality approval are: 

1. A third party must perform approval 
objectively from the standpoint of cus- 
tomers. 

2. Fully consider past failure experiences and 
information from the field. 

3. Approval is needed for design change or 
work change. 

4. Intensive approval is executed on parts 
material and process. 

5. Study process capability and variation 
factor, and set up control points at mass 
production stage. 

Considering the views mentioned above, 
figure 1 shows how quality approval is per- 
formed. 

3.3 Quality and Reliability Control at 
Mass Production 

For quality assurance of products in mass 
production, quality control execution is 
divided organically by function between 
manufacturing department and quality 
assurance department, and other related 
departments. The total function flow is 
shown in figure 2. The main points are de- 
scribed below. 

3.3.1 Quality Control of Parts and Mate- 
rial 

As the performance and the reliability of 
semiconductor devices improve, the impor- 
tance of quality control of material and parts 
(crystal, lead frame, fine wire for wire bond- 
ing, package) to build products, and materials 
needed in manufacturing process (mask pat- 
tern and chemicals) increases. Besides quality 
approval on parts and materials stated in 
section 3.2, the incoming inspection is also 
key in quality control of parts and materials. 
The incoming inspection is performed based 
on an incoming inspection specification, fol- 
lowing purchase specification and drawings, 
and sampling inspection is executed based 
mainly on MIL-STD-105D. 
The other activities of quality assurance are 
as follows: 

1. Outside vendor technical information 
meeting 

2. Approval on outside vendors, and guid- 
ance of outside vendors 

3. Physical chemical analysis and test 

The typical check points of parts and mate- 
rials are shown in table 1. 



To ensure required quality and reliability, 
quality approval is carried out at the trial 
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3.3.2 Inner Process Quality Control 

Inner process quality control performs a very 
important function in quality assurance of a 
semiconductor devices. The following is a 
description of control of semifinal products, 
final products, manufacturing facilities, 
measuring equipments, circumstances and 
submaterials. The quality control in the 
manufacturing process is shown in figure 3 
corresponding to the manufacturing process. 

1. Quality Control of Semifinal Products and 
Final Production Products 
Potential failure factors of semiconductor 
devices should be removed in manufac- 
turing process. To achieve this, check 
points are setup in each process, and 
products that have potential failure factors 
are not transferred to the next process. For 
high reliability semiconductor devices, 
especially manufacturing line is carefully 
selected, and the quality control in the 



manufacturing process is tightly executed: 
Strict check on each process and each lot, 
100% inspection to remove failure factor 
caused by manufacturing variation, and 
necessary screening, such as high tem- 
perature aging and temperature cycling. 
Contents of inner process quality control 
are: 

• Condition control on individual equip- 
ment and workers, and sampling check 
of semifinal products. 

• Proposal and carrying-out of work 
improvement 

• Education of workers 

• Maintenance and improvement of yield 

• Detection of quality problems, and exe- 
cution of countermeasures 

• Transmission of information about qual- 
ity 

2. Quality Control of Manufacturing Facilities 
and Measuring Equipment 
Equipment for manufacturing semicon- 



Step 


Contents 


Purpose 


Target 




Design Review 




Specification 







X 



Design 
Trial 

Production 



Materials, Parts 
Approval 



| Characteristics Approval"" 



Quality Approval ( 1 ) [ - 



Mass Production | 



Characteristics of Material 
and Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 



Electrical Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 
Appearance, Dimension 



Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 




Reliability Test 
Process Check (same as 
Quality Approval ( 1 ) ) 



Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 



Confirmation of Target 
Spec. (Mainly Electrical 
Characteristics) 



Confirmation of Quality 
and Reliability in Design 



Confirmation of Quality 
and Reliability in Mass 
Production 



Figure 1 Quality Approval Flowchart 
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ductor devices have been developing 
extraordinarily, with required high per- 
formance devices and production in- 
provements. They are important factors to 
determine quality and reliability. In Hita- 
chi, automation of manufacturing equip- 
ment is promoted to improve manufactur- 
ing variation, and controls maintain proper 
operation and function of high perfor- 
mance equipment. Maintenance inspec- 
tion for quality control is performed daily 
based on related specifications, and also 
periodical inspections. At the inspection, 
inspection points listed in the specification 
are checked one by one to avoid any om- 
issions. During adjustment and mainte- 
nance of measuring equipment, mainte- 



nance number and specifications are 
checked one by one to maintain and 
improve quality. 

3. Quality Control of Manufacturing Circum- 
stances and Submaterials 
Quality and reliability of semiconductor 
devices is greatly affected by manufactur- 
ing process. Therefore, manufacturing cir- 
cumstances (temperature, humidity, dust) 
and the control of submaterials (gas, pure 
water) used in manufacturing process are 
intensively controlled. Dust control is de- 
scribed in more detail below. 
Dust control is essential to realize higher 
integration and higher reliability of 
devices. In Hitachi, maintenance and 



Process 



Quality Control 



Method 





Material, Parts 




Material, 




Parts 
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c of Material >- 




Inspection on Material and 
Parts for Semiconductor 
Devices 



Manufacturing Equipment, 
Environment, Submaterial, 
Worker Control 



Inner Process Quality 
Control 



100% Inspection of 
Appearance and Electrical 
Characteristics 



Sampling Inspection of 
Appearance and Electrical 
Characteristics 



Reliability Test 



Quality Information 
Claim 

Field Experience 
General Quality 
Information 



Lot Sampling, 
Confirmation of 
Quality Level 



Confirmation of 
Quality Level 



Lot Sampling, 
Confirmation of 
Quality Level 



Testing, 
Inspection 



Lot Sampling 



Confirmation of 
Quality Level, 
Lot Sampling 



Feedback of 
Information 



Figure 2 Flowchart of Quality Control in Manufacturing Process 
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improvement of cleanness and manufac- 
turing site cleanness are executed paying 
close attention to buildings, facilities, air- 
conditioning systems, packaging mate- 
rials, clothes, work, etc., and periodical 
inspection for floating dust in room, falling 
dust, and floor dust. 

3.3.3 Final Product Inspection and Reli- 
ability Assurance 

1. Final Product Inspection 

Lot inspection is done by quality assur- 
ance department for products that were 
judged to be 100% good in tests, which is 



the final process in the manufacturing 
department. Though 100% good products 
is expected, sampling inspection is 
executed to prevent inclusion of failed 
products by mistake, etc. The inspection is 
executed not only to confirm that the 
products meet users' requirements, but to 
consider potential trouble factors. Lot 
inspection is executed based on MIL-STD- 
105D. 

1. Reliability Assurance Tests 

To assure reliability of semiconductor 
devices, periodical reliability tests and 
reliability tests on individual manufactur- 
ing lots required by user are performed. 



Table 1 Quality Control Check Points of Material and Parts 
(Example) 



Material, Parts 


Important Control Items 


Points to Check 


Wafer 


Appearance 
Dimension 
Sheet resistance 
Defect density 
Crystal axis 


Damage and contamination on surface 

Flatness 

Resistance 

Defect numbers 


Mask 


Appearance 
Dimension 
Registration 
Gradation 


Defect numbers, scratch 
Dimension level 

Uniformity of gradation 


Fine wire for wire bond- 
ing 


Appearance 

Dimension 

Purity 

Elongation ratio 


Contamination, scratch, bend, twist 

Purity level 
Mechanical strength 


Frame 


Appearance 
Dimension 
Processing accuracy 
Plating 

Mounting characteristics 


Contamination, scratch 
Dimension level 

Bondability, solderability 
Heat resistance 


Ceramic package 


Appearance 
Dimension 
Leak resistance 
Plating 

Mounting characteristics 
Electrical characteristics 
Mechanical strength 


Contamination, scratch 
Dimension level 
Airtightness 

Bondability, solderability 
Heat resistance 

Mechanical strength 


Plastic 


Composition 


Characteristics of plastic material 




Electrical characteristics 
Thermal characteristics 
Molding performance 
Mounting characteristics 


Molding performance 
Mounting characteristics 
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Process 
V Purchase of material 



-Package - 



Surface oxidation 

Inspection of surface 
oxidation 

Photo resist 



Inspection of photo resist 

PQC level check 
Diffusion 

Inspection of diffusion 
PQC level check 

Evaporation 

Inspection of evaporation 

PQC level check 
Wafer inspection 

Inspection of chip 
electrical characteristics 

Chip scribe 

Inspection of chip 
appearance 

PQC lot judgement 



Q Assembling 



PQC level check 

Inspection after assembling 
PQC lot judgement 



Q Sealing 

PQC level check 
Q Final electrical inspection 
Failure analysis 

Appearance inspection 

Sampling inspection of 
products 

Receiving 

Shipment 



Wafer 
Oxidation 



Evaporation 



Wafer 
Chip 



Assembling 



Sealing 



Marking 



Control point 



Characteristics, Appearance 



Appearance, Thickness of 
oxide film 



Dimension, Appearance 



Diffusion depth, Sheet 
resistance 



Characteristics of oxide 
film, Breakdown voltage 

Thickness of vapor film, 
Scratch, Contamination 



Thickness, vth characteris- 
tics 

Electrical characteristics 



Appearance of chip 



Appearance after chip 
bonding 

Appearance after wire 
bonding 

Pull strength. Compression 
width, Shear strength 

Appearance after assembling 



Appearance after sealing 
Outline* Dimension 



Marking strength 



Analysis of failures, Failure 
mode. Mechanism 



Purpose of control 



Scratch, removal of crystal 
defect wafer 



Assurance of resistance 
Pinhole, Scratch 



Dimension level 
Check of photo resist 
Diffusion status 

Control of basic parameters 
(Vth, etc.) cleanness of surface 
Prior check of Vth 
Breakdown voltage check 

Assurance of standard 
thickness 



Prevention of cracks. 
Quality assurance of scribe 



Quality check of chip 
Bonding 

Quality check of wire 
Bonding 

Prevention of open and 
short 



Guarantee of appearance 
and dimension 



Feedback of analysis infor- 
mation 
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Customer 



Claim 

(Failures, Information) 



Sales Dept. 

Sales Engineering Dept. 



Quality Assurance Dept. 



Manufacturing Dept. 



Design Dept. 



Report 



Quality Assurance Dept. 



Report 



Failure Analysis 



Countermeasure, 
Execution of 
Countermeasure 



Follow-up and Confirm- 
ation of Countermeasure 
Execution 



Sales Engineering Dept. 



Reply 



Customer 



Figure 4 Process Flowchart of Field Failure 



HITACHI 



129 



Reliability Test Data of LCD Drivers 



1. Introduction 

The use of liquid crystal displays with micro- 
computer application systems has been 
increasing, because of their low power con- 
sumption, freedom in display pattern design, 
and thin shape. Low power consumption and 
high density packaging have been achieved 
through the use of the CMOS process and the 
flat plastic packages, respectively. 
This chapter describes reliability and quality 
assurance data for Hitachi LCD driver LSIs 



based on test data and failure analysis 
results. 

2. Chip and Package Structure 

The Hitachi LCD driver LSI family uses low 
power CMOS technology and flat plastic 
package. The Si-gate process is used for high 
reliability and high density. Chip structure 
and basic circuit are shown in figure 1, and 
package structure is shown in figure 2. 
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3. Reliability Test Results 

The test results of LCD driver LSI family are 
shown in Tables 1, 2, and 3. 



Table 1 Test Result 1, High Temperature Operation 
(Ta=125C, Vcc=5.5V) 



Device 


SiimnlA Siza 


Component Hour 


Failure 


HD44100H 


40 


40,000 




o 




HD44102H 


40 


40,000 




o 




HD44103H 


40 


40,000 




o 




HD44780 


90 


90,000 




o 




HD66100F 

i 1 w v/ w I wwl 


45 


45,000 









HD61100A 


80 


80,000 









HD61102 


50 


50,000 









HD61103A 


50 


50,000 









HD61200 


40 


40,000 









HD61202 


50 


50,000 









HD61203 


40 


40,000 









HD61830 


40 


40,000 









HD61830B 


40 


40,000 









HD63645 


32 


32,000 









HD64645 


32 


32,000 









HD61602 


38 


38,000 









HD61603 


32 


32,000 









HD61604 


32 


32,000 









HD61605 


32 


32,000 









HD66840 


45 


45,000 









Table 2 Test Result 2 












Test Item 


Test Condition 


Sample 
Size 


Component 
Hour 




Failure 


High temp, storage 


Ta = 150°C, 1000 h 


180 


180,000 







Low temp, storage 


Ta=-55'C, 1000 h 


140 


140,000 







Steady state humidity 


65°C, 95% RH, 1000 h 


860 


860,000 




1* 


Steady state humidity, biased 


85°C, 90% RH, 1000 h 


165 


1 70,000 




2* 


Pressure cooker 


12VC, 2atm.100 h 


200 


20,000 








Note: *Aluminum corrosion 
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Table 3 Test Results 3 



Test Items 


Test Condition 


Sample Size 


Failure 


Thermal shock 


0to100°C 
1 cycles 


108 





Temperature cycling 


-55°C to 1 50°C 
1 cycles 


678 





Soldering heat 


260°C, 10 seconds 


283 





Resistance to VPS 


215°C, 30 seconds 


88 





Severability 


230°C, 5 seconds 


140 








4. Quality Data from Field Use 

Field failure rate is estimated in advance 
through production process evaluation and 
reliability tests. Past field data on similar 
devices provides the basis for this estimation. 
Quality information from the users is indis- 
pensable to the improvement of product 



quality. Therefore, field data on products 
delivered to the users is followed up carefully. 
On the basis of information furnished by the 
user, failure analysis is conducted and the 
results are quickly fed back to the design and 
production divisions. 

Failure analysis results on MOS LSIs returned 
to Hitachi is shown in figure 3. 
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5. Precautions 

5.1 Storage 

It is preferable to store semiconductor 
devices in the following ways to prevent 
deterioration in their electrical characteris- 
tics, solderability, and appearance, or break- 
age. 

1. Store in an ambient temperature of 5 to 30° 
C, and in a relative humidity of 40 to 60%. 

2. Store in a clean air environment, free from 
dust and reactive gas. 

3. Store in a container that does not induce 
static electricity. 

4. Store without any physical load. 

5. If semiconductor devices are stored for a 
long time, store them in unfabricated form. 
If their lead wires wires are formed 
beforehand, bent parts may corrode dur- 
ing storage. 

6. If the chips are unsealed, store them in a 
cool, dry, dark, and dustless place. 
Assemble them within 5 days after 
unpacking. Storage in nitrogen gas is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpackaged 
devices must not be stored for over 3 
months. 

7. Take care not to allow condensation dur- 
ing storage due to rapid temperature 
changes. 

5.2 Transportation 

As with storage methods, general precau- 
tions for other electronic component parts are 
applicable to the transportation of semicon- 
ductors, semiconductor-incorporating units 
and other similar systems. In addition, the 
following considerations must be taken, too: 

1. Use containers or jigs whch will not induce 
static electricity as the result of vibration 
during transportation. It is desirable to use 
an electrically conductive container or 
aluminium foil. 

2. Prevent device breakage from clothes-in- 



duced static electricity. 

3. When transporting the printed circuit 
boards on which semiconductor devices 
are mounted, suitable preventive mea- 
sures against static electricity induction 
must be taken; for example, voltage built- 
up is prevented by shorting terminal cir- 
cuit. When a conveyor belt is used, prevent 
the conveyor belt from being electrically 
charged by applying some surface treat- 
ment. 

4. When transporting semiconductor devices 
or printed circuit boards, minimize 
mechanical vibration and shock. 

5.3 Handling for Measurement 

Avoid static electricity, noise, and surge 
voltage when measuring semiconductor 
devices are measured. It is possible to pre- 
vent breakage by shorting their terminal 
circuits to equalize electrical potential during 
transportation. However, when the devices 
are to be measured or mounted, their termi- 
nals are left open providing the possibility 
that they may be accidentally touched by a 
worker, measuring instrument, work bench, 
soldering iron, conveyor belt, etc. The device 
will fail if it touches something that leaks 
current or has a static charge. Take care not 
to allow curve tracers, synchroscopes, pulse 
generators, D.C. stabilizing power supply 
units, etc. to leak current through their ter- 
minals or housings. 

Especially, while testing the devices, take 
care not to apply surge voltage from the 
tester, to attach a clamping circuit to the 
tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 
During measurement, avoid miswiring and 
short-circuiting. When inspecting a printed 
circuit board, make sure that there is no sol- 
dering bridge or foreign matter before turn- 
ing on the power switch. 
Since these precautions depend upon the 
types of semiconductor devices, contact 
Hitachi for further details. 
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Surface Mounting Package Han- 
dling Precautions 

1. Package temperature distribution 

The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package directly 
exposed to the infrared heat source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package unless precautions are taken. As 
shown in the example in figure 1, the surface 
directly facing the infrared heat source is 20° 
to 30 8 C higher than the leads being soldered 
and 40°- to 50°C higher than the bottom of the 
package. If soldering is performed under 
these conditions, package cracks may occur. 

To avoid this type of problem, it is recom- 
mended that an aluminum infrared heat 
shield be placed over the resin surface of the 
package. By using a 2 -mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 175°C when the peak 
temperature of the leads is 240°C. 

2. Package moisture absorption 

The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. If this moisture absorption 
becomes excessive, there will be sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread apart. In extreme cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 

To remove any moisture absorbed during 
transportation, storage, or handling, it is 
recommended that the package be baked at 
125°C for 16 to 24 hours before soldering. 

3. Heating and cooling 

One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 



method is used with plastic items, there is 
thermal shock resulting in package cracks 
and a deterioration of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 
Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4°C/ 
sec is recommended. 

4. Package contaminants 

It is recommended that a resin-based flux be 
used during soldering. Acid-based fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 
must be taken. 

The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. For reference purposes, an example of 
reflow conditions for a QFP infrared reflow 
furnace is given in figure 2. The values given 
in the figure refer to the temperature of the 
package resin, but the leads must also be 
limited to a maximum of 260°C for 10 seconds 
or less. 



Of the reflow methods, infrared reflow is the 
most common. In addition, there is also the 
paper phase reflow method. The recom- 
mended conditions for a paper phase reflow 
furnace are given in figure 3. 
For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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Figure 1 Temperature Profile During 
Infrared Heat Soldering 
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Figure 2 Recommended Reflow 
Conditions for QFP 
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Figure 3 Example Vapor-phase Reflow 
Conditions 
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Soldering iron method 
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Figure 4 Recommended Paper Phase Reflow Conditions 
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Driving a liquid crystal at direct current trig- 
gers an electrode reaction inside the liquid 
cell, degrading display quality rapidly. The 
liquid crystal must be driven by alternating 
current. The AC driving method includes the 
static driving method and the multiplex driv- 
ing method, each of which has features for 
different applications. Hitachi has developed 
different LCD driver devices corresponding to 
the static driving method and the multiplex 
driving method. The following sections 
describe the features of each driving method, 
the driving waveforms, and how to apply 
bias. 



1. Static Driving Method 

Figure 1 shows the driving waveforms of the 
static driving method and an example in 
which "4" is displayed by the segment 
method. The static driving method is the 
most basic method by which good display 
quality can be obtained. However, it is not 
suitable for liquid displays with many seg- 
ments because one liquid crystal driver cir- 
cuit is required per segment. 
The static driving method uses the frame 
frequency (1/tf) of several tens to several 
hundreds Hz. 



Liquid Crystal Display 
and Terminal Connection 




w S a o e> 
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Figure 1 Example of Static Drive Waveforms (Example of HD61602/HD61603) 
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2. Multiplex Driving Method 

The multiplex driving method is effective in 
reducing the number of driver circuits, the 
number of connections between the circuit 
and the display cell, and the cost when driv- 
ing many display picture elements. Figure 2 
shows a comparision of the static drive with 
the multiplex drive (1/3 duty cycle) in an 8- 
dight numeric display. The number of liquid 
crystal driver circuits required is 65 for the 
former and 27 for the latter. The multiplex 



drive reduces the number of driver circuits. 
However, greater multiplexing reduces the 
driving voltage tolerance. Thus, there are 
limits to the extent of multiplexing. 

There are two types of multiplex drive 
waveforms: A type and B type. A type, shown 
in figure 3, is used for alternation in 1 frame. B 
type is used for alternation in between 2 
frames (figure 4). B type has better display 
quality than A type in high multiplex drive. 
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Figure 2 Example of Comparision of Static Drive with Multiplex Drive 
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Figure 3 A Type Waveforms 

(1/3 duty cycle, 1/3 bias) 



Figure 4 B Type Waveforms 

(1/3 duty cycle, 1/3 bias) 
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2.1. 1/2 Bias, 1/2 Duty Drive 

In the 1/2 duty drive method, 1 driver circuit 
drives 2 segments. Figure 5 shows an exam- 



ple of the connection to display '4' on a liquid 
crystal display of 7-segment type, and the 
output waveforms. 



Liquid Crystal Display 
and Terminal Connection 
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Figure 5 Example of Waveforms in 1/2 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.2 1/3 Bias, 1/3 Duty Cycle Drive 

In the 1/3 duty cycle drive, 3 segments are 
driven by 1 segment output driver. Figure 6 



shows an example of the connection to dis- 
play '4' on a liquid crystal display of 7-seg- 
ment type, and the output waveforms. 



Liquid Crystal Display 
and Terminal Connection 
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Figure 6 Example of Waveforms in 1/3 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.3 1/3 Bias, 1/4 Duty Cycle Drive 

In the 1/4 duty cucle drive, 4 segments are 
driven by 1 segment output driver. Figure 7 



shows an example of the connection to dis- 
play '4' on a liquid crystal display of 7-seg- 
ment type, and the output waveforms. 



Liquid Crystal Display 
and Terminal Connection 
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Figure 7 Example of Waveforms in 1/4 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.4 1/4 Bias, 1/8 Duty Cycle Drive 
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Figure 8 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of LCD- 
II) 
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2.5 1/5 Bias, 1/8 Duty Cycle Drive 
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Figure 9 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of 
HD44100R) 
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2.6 1/5 Bias, 1/16 Duty Cycle Drive 
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Figure 10 Example of Waveforms in 1/16 Duty Cycle Drive (A type) (Example of LCD- 
II) 
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2.7 1/5 Bias, 1/32 Duty Cycle Drive 
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Figure 11 Example of Waveforms in 1/32 Duty Cycle Drive (Example of HD44102CH, 
HD44103CH) 
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3. Power Supply Circuit for Liquid 
Crystal Drive 

Table 1 shows the relationship between the 
number of driving biases and display duty 
cycle ratios. 

3.1 Resistive Dividing 

Driving bias is generally generated by a 
resistive divider (figure 12). 

The resistance value settings are determined 



by considering operating margin and power 
consumption. Since the liquid crystal display 
load is capacitive, the drive waveform itself is 
distorted due to charge/discharge current 
when the liquid crystal display drive 
waveform is applied. To reduce distortion, the 
resistance value should be decreased but this 
increases the power consumption because of 
the increase of the current through the divid- 
ing resistors. Since larger liquid crystal dis- 
play panels have larger capacitance.the 
resistance value must be decreased propor- 
tionally. 



Table 1 Relationship between the Number of Display Duty Cycle Ratio and the 
Number of Driving Biases 

Display 



duty ratio 


Static 


1/2 1/3 1/4 1/7 1/8 1/11 1/12 1/14 1/16 1/24 1/32 1/64 


Number of 
driving biases 


2 


3 4 4 555566666 
( 1 /2 bias) ( 1 /3 bias) ( 1 /4 bias) ( 1 /5 bias) 






Vlcd 



1/4 Bias (1/8, 1/11 duty cycle) 1/5 Bias (1/16 duty cycle) 



Figure 12 Example of Driving Voltage Supply 
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It is efficient to connect a capacitor to the 
resistors in parallel as shown in figure 13 in 
order to improve charge/discharge distortion. 
However, the effect is limited. Even if it is 
attempted to reduce the power consumption 
with a large resistor and improve waveform 
distortion with a large capacitor, a level shift 
occurs and the operating margin is not im- 
proved. 

Since the liquid crystal display load is in a 
matrix configuration, the path of the charge/ 
discharge current through the load is com- 



plicated. Moreover, it varies depending on 
display condition. Thus, a value of resistance 
cannot be simply determined from the load 
capacitance of liquid crystal display. It must 
be experimentally determined according to 
the demand for the power consumption of 
the equipment in which the liquid crystal 
display is incorporated. 

Generally, R is 1 kO to 10 kO f and VR is 5kfl to 
50 kfl. No capacitor is required. A capacitor of 
0.1 uF is usually used if necessary. 



Vcc 
Vi 
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- 1 Common non-selected high level 
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T C 

Segment non-selected low level 
± C 

-4 Common non-selected low level 
T C 

- Common/segment selected low level 
For contrast adjustment 



■ With C 




Large C and R cause 
a level shift. 



Figure 13 Example of Capacitor Connection for Improvement of Liquid Crystal 
Display Drive Waveform Distortion (1/5 bias) (Example of LCD-II) 
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3.2 Drive by Operational Amplifier 

In graphic displays, the size of the liquid 
crystal becomes larger and the display duty 
ratio becomes smaller, so the stability of liq- 
uid crystal drive level is more important than 
in small display system. 
Since the liquid crystal for graphic displays is 
large and has many picture elements, the 
load capacitance becomes large. The high 
impedance of the power supply for liquid 
crystal drive produces distortion in the drive 
waveforms, and degcades disiplay quality. 
For this reason, the liquid crystal drive level 
impedance should be reduced with opera- 
tional amplifiers. Figure 14 shows an example 
of an operational amplifier configuration. 

No load current flows through the dividing 
resistors because of the high input impedan- 
ce of the operational amplifiers. A high resis- 
tance of R = 10 kO and VR = 50 kfl can be 
used. 

3.3 Generation of Liquid Crystal Drive 
Levels in LSI 

The power supply circuit for liquid crystal 



drive level may be incorporated in the LSI, 
such as one for a portable calculator with 
liquid crystal display. 

HD61602, HD61603 for small display systems 
has a built-in power suply circuit for liquid 
crystal drive levels. 

3.4 Precaution on Power Supply Circuits 

The LCD driver LSI has two types of power 
supplies: the one for logical circuits and the 
other for the liquid crystal display drive cir- 
cuit. The power supply system is complicated 
because of several liquid crystal drive levels. 
For this reason, in the power supply design, 
take care not to deviate from the voltage 
range assured in the maximum rating at the 
rise of power supply and from the potential 
sequence of each power supply. If the input 
terminal level is indefinite, through current 
flows and the power consumption increases 
because of the use of CMOS process in the 
LCD driver. 

Simultaneously, the potential sequence of 
each power supply becomes wrong, which 
may cause latch-up. 



( +5V)V CC 



(-5V)V EE 



Common/segment selected high level 



£> Common non-selected high level 

{>— ■ Segment non-selected high level 
-£>— ■ Segment non-selected low level 



— -£>— ■ Common selected low level 

— P>— Common/segment selected low level 
r Contrast 
adjustment 



For liquid crystal drive logic circuits 



—£>— Operational amplifier voltage follower 



Figure 14 Drive by Operational Amplifier (1/5 bias) 
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H D441 OOR 

(LCD Driver with 40- Channel Outputs) 

— Preliminary — 



Description 

The HD44100R has two sets of 20-bit bidir- 
ectional shift registers, 20 data latch flipflops 
and 20 liquid crystal display driver circuits. It 
receives serial display data from a display 
control LSI, converts it into parallel data and 
supplies liquid crystal display waveforms to 
the liquid crystal. 

The HD44100R is a highly general liquid 
crystal display driver which can drive a static 
drive liquid crystal and a dynamic drive liquid 
crystal, and can be applied as a common 
driver or segment driver. 



Features 

• Liquid crystal display driver with serial/ 
parallel conversion function 

• Serial transfer facilitates board design 

• Capable of interfacing to liquid crystal 
display controllers: HD43160AH, LCTC 
(HD61830/61830B), LCD- II (HD44780S, 
HD44780U), LCD- II A (HD66780), 

LCD- II /E (HD66702), LCD-Ill (HD44790), 
HD66710 

• 40 internal liquid crystal display drivers 

• Internal serial/parallel conversion cir- 
cuits: 

—20-bit shift register x 2 
—20-bit data latch x 2 

• Display bias: Static to 1/5 

• Power supply: 

—Internal logic: Vcc = 2.7 to 5.5V 

— Liquid crystal display driver circuit: 

V C c-Vee = 3 to 13V 

• Separation of internal logic from liquid 
crystal display driver circuit increases 
applicable controllers and liquid crystal 
types 

• CMOS process 



Pin Arrangement 
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54jV 6 
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33v, 

iflFCS 
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SlSHLi 
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if]DR 2 
42jDL 2 
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SSDLt 

IQgno 
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HCL, 
SJVEE 
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(Top View) 



Ordering Information 






Type No. 


V CC (V) 


Vcc-Vee (V) 


Package 


HD44100RFS 


2.7 to 5.5 


3 to 1 3 


60-pin Plastic QFP (FP-60A) 


HCD44100R 


2.7 to 5.5 


3 to 13 


Chip 
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Block Diagram 



V1 , V2 . 
V3, V4 

CL1 - 



DL1 < 
CL2 



DL2 « 
FCS 



V1, V2 
V5, V6 " 



Y20 



LCD Drivers 



Latch signal 



IE 



Data 



20-bit latch 

3E 



Shift 
direction 



Shift signal 1 *| 20-bit bidirectional shift register """j * 



Data 



► 1 Data ' 

Hap— 1 

^ jj— ^ ^ ' Switch ir 



Switching circuit 



20-bit bidirectional shift register 



Data 



Switching circuit 



20-bit latch 



Shift 
direction 



LCD Drivers 



Y21 



—1, 
Y 4 o 



■ SHL1 
» DR1 

• DR2 
- SHL2 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Supply Logic 


Vcc* 1 


- 0.3 to + 7.0 


V 


voltage LCD drivers 


V EE * 2 


Vcc - 15.0 to Vcc + 0.3 


V 


Input voltage 


Vti* 1 


- 0.3 to Vcc + 0.3 


V 


Input voltage 


VT2* 3 


Vcc + 0.3 to Vee - 0.3 


V 


Operating temperature 


Topr 


- 20 to + 75 


c 


Storage temperature 


Tstg 


- 55 to + 1 25 


c 



Notes: * 1 All voltage values are referred to GND. 

*2 Connect a protection resistor of 220 12 ± 5 % to Vee power supply in series. 
*3 Applies to V1 to Ve. 
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Electrical Characteristics 



(Vcc = 2.7 to 5.5 V, Vcc - Vee = 3 to 13 V, GND 




V, T« = 




20 to + 75 C) 


Item 


Symbol 


Amilidihta Twnriififilft 


Min 


Typ Max 


Unit Test Condition 


Input voltage 


V, H 


CL1 , CL2, DL1 , DL2, 


0.7 V cc 




Vcc 


V 


V C c=4.5to 5.5V 






DR1, DR2, M, SHL1 , 


0.8 V CC 


- 


Vcc 


V 


V C c = 2.7 to 4.5V 




V, L 


SHL2, FCS 







0.3 V cc 


V 


V C c=4.5 to 5.5V 













0.2 V CC 


V 


V C c = 2.7 to 4.5V 


Output voltage Vqh 


DL1 , DL2, DR1, DR2 


Vcc ~ 0.4 






V 


Ioh = - 0.4 mA 




Vol 








0.4 


V 


Iol = + 0.4 mA 


On resistance 


Ron 


*1 






20 


kfl 


±l d = 0.05 mA f Vcc-V EE =4V 


Input leakage 
current 


Iil 


CL1 , CL2, DL1 , DL2, 
DR1 , DR2, M, SHL1 , 
SHL2, FCS, NC 


- 5.0 




5.0 


M 


V in = to V CC 


Vi leakage 
current 


«VL 


*2 


- 10.0 




10.0 




V in = V cc to V EE 


Power supply 


Ice 


*3 






1.0 


mA 


f C L2 = 400 kHz 


current 


Iee 








10 




fen = 1 kHz 



Notes: * 1 Applies to the resistance between Vi and Yj when a current ± Id = 0.05 mA flows through 
all of the Y pins. 
*2 Output Y1 to Y40 open. 

*3 Input/output current is excluded; when input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 
level must be fixed at high or low. 
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Timing Characteristics 



(Vcc = 2.7 to 5.5 V, Vcc 


- Vee = 3 to 13 V, GND = 


V, 


T a = 


- 20 to + 75 C) 


Item 


Symbol 


Applicable Terminals 


Min 


Typ 


Max 


Unit 


Test Condition 


Data shift 
frequency 


fd 


LLZ 








KHZ 




Clock high level 


tcWH 


CL1 , CL2 


800 


— 


— 


ns 




width Low level 


tcWL 




oUU 


- 


- 


ns 




Data set-up time 


tsu 


DL1 , DL2, DR1, DR2, 
FLM 


300 






ns 




Clock set-up time 


tSL 


CL1 , CL2 


500 






ns 


(CL2-*CL1 ) 


Clock set-up time 


tLS 


CL1 , CL2 


500 






ns 


(CL1-CL2) 


Data delay time 


tpd 


DL1 , DL2, DR1 , DR2 






500 


ns 


C L = 1 5 pF 


Clock rise/fall time 


tct 


CL1 , CL2 






200 


ns 




Data hold time 


tDH 


DL1 , DL2, DR1 , DR2, 
FLM 


300 






ns 







CL2 




Data in 
(DL1 , DL2 , DR1 , DR2) 



■ tcWH- 




— t SU-* 



-tcWL- 



-tct 



~tDH 



-t S L- 



pa- 



Data out 
(DL1, DL2. DR1, DR2) 




CL1 



FLM 




tct — 



- t CWH- 



*tsu* 

/ K 



VlH : 




Figure 1 Timing Waveform 
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Terminal Function 

Table 1 Functional Description of Terminals 



Signal 
Name 


Number 
of Lines 


Input/ 
Output 


Connected to 


Function 


V CC 


1 




power supply 


Power supply for logical circuit 


GND 


1 




Power supply 


V 


V EE 


1 




Power supply 


Power supply for liquid crystal display drive 


Y1-Y20 


20 


Output 


Liquid crystal 


Liquid crystal driver output (Channel 1 ) 


Y21-Y40 


20 


Output 


Liquid crystal 


Liquid crystal driver output (Channel 2) 


Vi, V 2 


2 


Input 


Power supply 


Power supply for liquid crystal display drive (Select level) 


v 3 , v 4 


2 


Input 


Power supply 


Power supply for liquid crystal display drive (Non-select 
level for channel 1 ) 


v 5 , v 6 


2 


Input 


Power supply 


Power supply for liquid crystal display drive (Non-select 
level for channel 2) 



SHL1 1 Input Vcc or GND Selection of the shift direction of channel 1 shift register 



SHL1 


DL1 


DR1 


Vcc 


Out 


In 


GND 


In 


Out 



SHL2 1 Input Vcc or GND Selection of the shift direction of channel 2 shift register 



SHL2 


DL2 


DR2 


Vcc 


Out 


In 


GND 


In 


Out 



DL1 , DR1 


2 


Input/ 
output 


Controller 

or HD44100R 


Data input/output of channel 1 shift register 


DL2, DR2 


2 


Input/ 
output 


Controller 

or HD44100R 


Data input/output of channel 2 shift register 


M 


1 


Input 


Controller 


Alternated signal for liquid crystal driver output 


CL1 


1 


Input 


Controller 


Latch signal for channel 1 ( i__ ) * 1 
Used for channel 2 when FCS is GND 


CL2 


1 


Input 


Controller 


Shift signal for channel 1 ( L_ ) * 1 
Used for channel 2 when FCS is GND 


FCS 


1 


Input 


Vcc or GND 


Mode select signal of channel 2 . FCS signal exchanges the 



latch signal and the shift signal of channel 2 and inverts M 
for channel 2. Thus, this signal exchanges the function of 
channel 2. 





Channel 2 






FCS Level 


Latch signal 


Shift signal 


M Polarity 


Function 


Vcc 


CL2 _r 


CL1 __r~ 


M 


For common drive 


GND 


CL1 ~~L_ 


CL2 ~T_ 


M 


For segment drive 




*1 


*1 




*2 



NC 1 Don't connect any wires to this terminal. 

Notes: * 1 __f~~ and T_ indicate the latches at rise and fall times, respectively. 

*2 The output level relationship between channel 1 and channel 2 based on the FCS signal 
level is as follows: 
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Output Level 



FCS 


Data 


M 


Channel 1 (Yi-Y 20 ) 


Channel 2 (Y21-Y40) 




1 


1 


Vi 


v 2 


Vcc 


(Select) 





v 2 


Vi 


(D 





1 


v 3 


V 6 




(Non-select) 





v 4 


v 5 




1 


1 


Vi 


Vi 


GND 


(Select) 





v 2 


v 2 


(0) 





1 


v 3 


v 5 




(Non-select) 





v 4 


v 6 


1 and indicate high and low levels, respectively. 



Applications 
Segment Driver 

When the HD44100R is used as a segment 
driver, FCS is set to GND to transfer display 
data with the timing shown in figure 2. In this 



case, both channel 1 and channel 2 shift data 
at the fall of CL2 and latch it at the fall of CLI. 
V3 and V5, V4 and V6 of the liquid crystal 
display driver power supply are short-cir- 
cuited, respectively. 



7 8123456781 2 

(FLM) 

M i ^ 

_j i i i i i i i i i l_i 

Output of ' ' 

latch 
M-Y40) 

Enlarged view 

M 



J I I I I I l I I L 



CL1 |f ^ n_ 



Shift 



«. -l/tj-ltltu Lru~Ln_n_r 

DL1/DR1 

DL2/DR2 



dli/dri -3^x~X3i^:::::iDCDacixDC 



Figure 2 Segment Data Waveforms (A Type Waveforms, 1/8 Duty Cycle) 
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Common Driver 

In this case, channel 1 is used as a segment 
driver and channel 2 as common driver. 
When channel 2 of HD44100R is used as 
common driver, FCS is set to Vcc to transfer 



display data with the timing shown in figure 
3. 

In this case, channel 2 shifts data at the rise of 
CL1 and latches it at the rise of CL2. Channel 
1 shifts and latches as shown in figure 2. 



DL2/DR2(FLM)i 

CL1 

Y21 
(Y 40 ) 
Y 22 
(Y39) 
to 
Y 28 
(Y33) 

Enlarged view \ 

DL2/DR 2(FLM) ' 

M 



J_ 
Shift ' 



8 1 



' jj___y ' 



i i i 



Non-select 



Select 



Non-select 



Select 



Select 



Non-select 



Select 



Select 



Select 



CL2 



Shift 



CL1 TL n 

Latch 

(Y40) fcl k 



Figure 3 Common Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty 
Cycle) 
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Both Channel 1 and Channel 2 Used as 
Common Drivers (FCS = GND) 

When both of channel 1 and channel 2 of 
HD44100R are used common drivers, FCS is 
set to GND and the signals (CL1, CL2, FLM) 
from the controller are connected as shown in 
figure 4. 

In this case, connection of the liquid crystal 
display driver power supply is different from 
that of segment driver, so refer to figure 4. 

• Vi, V2: Select level of segment and com- 
mon 

• V3, V4: Non-select level of segment 

• V5, V6: Non-select level of common 

Static Drive 

When the HD44100R is used in the static 
drive method (figure 5), data is transferred at 



the fall of CL2 and latched at the fall of CL1. 
The frequency of CL1 becomes the frame 
frequency of the liquid crystal display driver. 
The signal applied terminal M must have 
twice the frequency of CL1 and be synchron- 
ized at the fall of CL1. The power supply for 
liquid crystal display driver is used by short- 
circuiting Vi, V 4 and V6, and V2, V3, and V5 
respectively. 

One of the liquid crystal display driver output 
terminals can be used for a common output. 
In this case, FCS is set to GND and data is 
transferred so that can be always latched in 
the latch corresponding to the liquid crystal 
display driver output terminal used as the 
common output. If the latch signal corre- 
sponding to the segment output is 1, the 
segments of LCD light. They also light for 
common side = 1, and segment side 0. 



Controller 

(HD43160AH) 

etc. 



is « 

o £ 



CL1 



CL2 



FLM 



V 2 - 

v 5 - 

V 4 - 
V 3 - 
V 6 - 
V,- 



CL1 ww 
DL1 Common 



r P R1 driver 
L -fDL2 
DR2 



Yi-Y 4C 



LCD 



Yi -Y40 



HD44100R 

Segment 

driver 



Y 1 ~Y 40 



HD44100R 

Segment 

driver 



Figure 4 Connection When Both Channels Are Common Drivers 
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First Second 
figure figure - 



Tenth 
■ figure 



COM signal 



A CMOS 
im/ertpr 



CLi- 
CL 2 - 
M- 

V CC - 
GND- 



88 






O 


-*f^^ 10 "j 5 ** SEGi — SEG40 


-f^^40^^*f- SEG41 - 





Yi— Y 40 


DR1 


FCS 




DL 2 


SHLi 


HD44100R 


DR 2 


SHt-2 




V EE 


-J _j 




in to 


O 


2 > > > > 


> > 





Y1— Y40 


DR 1 


FCS 




DL 2 


SHU 


HD44100R 


DR 2 


SHL 2 




V EE 


J" -J ^ 


1- n n * 


ID JO 


O O ^ 


> > > > 


> > 



Figure 5 Static Drive Connection 
Timing Chart of Input Waveforms 



78 79 80 



CL 2 



n_n_n_ n_rui 



(Shift Clock) 



,SEG8C»(SEG79XSEG78 SEG3 X SEG2 Y SEG 1 



(Display Data) 
1 : on 0: off 



(Latch Clock) 



Notes: 

1 . Input square waves of 50% duty cycle (about 
30—500 Hz) to M. The frequency depends 
on the specifications of LCD panels. 

2. The drive waveforms corresponding to the 
new displayed data are output at the fall of 
CL1 . Therefore, when the alternating signal 
M and CL1 do not fall synchronously, DC 
elements are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 
minutes, and seconds of a clock) . To avoid 

HITACHI 



this, have CL1 fall synchronously with the 
one edge of M. 

In this example, the CMOS inverter is used as 
a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD44100R outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be in 
that case. 
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COM 



LCD 

7V 



Y2-Y4, 



SHL 1(2 
HD44100R 



-_n_nLT ; 



39 40 



OCX 



Data transformed 
to Y 2 to Y40 



Data corresponding to 
Yt (COM signal) 



CU 
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(LCD Driver with 80-Channel Outputs) 



The HD66100 description segment driver 
with 80 LCD drive circuits is the improved 
version of the no longer current HD44100H 
LCD driver with 40 circuits. 
It is composed of a shift register, an 80-bit 
latch circuit, and 80 LCD drive circuits. Its 
interface is compatible with the HD44100H. 
It reduces the number of LSI's and lowers the 
cost of an LCD module. 



Features 

• LCD driver with serial/parallel converting 
function 

• Interface compatible with the HD44100H; 
connectable with HD43160AH, HD61830, 
HD61830B, LCD-11 (HD44780), LCD-Ill 
(HD44790) 

• Internal output circuits for LCD drive: 80 

• Internal serial/parallel converting cir- 
cuits: 

— 80-bit bidirectional shift register 
— 80-bit latch circuit 

• Power supply 

—Internal logic circuit: +5 V ±10% 
—LCD drive circuit: 3.0 V to 6.0 V 

• CMOS process 



Comparison with HD44100H 

Table 1 shows the main differences between 
HD66100 and HD44100H. 



Table 1 Deffences between Products 
HD66100 and HD44100H 





HD66100 


HD44100H 


LCD Drive Outputs 80x1 Channel 


20x2 channels 


Supply Voltage 


3 to 6 V 


4.5 to 11 V 


for LCD Drive 






Circuits 






Multiplexing 


Static to 1/16 


static to 1/32 


Duty Ratio 


duty 


duty 


Package 


1 00-pin 
plastic QFP 


60- pin 
plastic QFP 



Ordering Information 

Type No. Package 



HD66100F 


100-pin plastic QFP (FP-100) 


HD66100FH 


100-pin plastic QFP (FP-100B) 


HD66100D 


Chip 
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Pin Arrangement 



S a S 8 S 8 8 5 8 8 8 S S S 3 3 8 5 



HD66100F 
(FP-100) 



; a a s 

~TJT 



uuuuuuuuuuuuuuuuuuuu 



Yi» C 3 

Y 25 [~ 4 

Y 2 «£ 5 

Y 23 Q 6 

Yij C 7 

Y 2 , □ 8 



8 VVVVVVVVVs s s 5 s s s s vvvvvvv 



HD66100FH 
(FP-100B) 



uuuuuuuuuuuuuuuuuuuuuuuuu 

>%->:«>^>»>^:^aS8«SO|uooo >j)? 



(Top View) 
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Pin Description 

Vcci GND, Vkk: Vcc supplies power to the 
internal logic circuit. GND is the logic and 
drive ground. Vee supplies power to the LCD 
drive circuit. 

Vi, V2, V3, and V»: Vi to V4 supply power for 
driving an LCD (figure 2). 

CL1: HD66100 latches data at the negative 
edge of CL1. 

CL2: HD66100 receives shift data at the neg- 
ative edge of CL2. 

M: Changes LCD drive outputs to AC. 



DI: Inputs data to the shift register. 

DO: Output data from the shift register. 

SHL: Selects a shift direction of serial data. 
When the serial data is input in order of Di, D2, 
.... D79, Dso, the relation between the data and 
the output Y is shown in table 3. 

Yi-Ybo: Each Y outputs one of the four voltage 
levels- Vi, V2, V3, or Vraccording to the com- 
bination of M and display data (figure 2). 

NC: Do not connect any wire to these termi- 
nals. 



Table 2 Pin Function 
Symbol Pin No. Pin Name 



I/O 



Vcc 


46 


Vcc 




GND 


36 


Ground 




V EE 


31 


V EE 




Vi 


32 


Vi 




V 2 


33 


v 2 




v 3 


34 


v 3 




v 4 


35 


v 4 




CL1 


37 


Clock 1 


I 


CL2 


40 


Clock 2 


I 


M 


44 


M 


I 


DI 


41 


Date In 


I 


DO 


42 


Date Out 





SHL 


39 


Shift Left 


I 


Yi-Y 80 


1-30,51-100 


Yi-Y 80 





NC 


38,43,45,47-50 No Connection 





Table 3 Relation Between SHL and 
Data Output 



SHL 


Yi 


Y 2 


Y 3 


- Y79 


Yso 


High 


D1 


D2 


D3 


D79 


D80 


Low 


D80 


D79 


D78 


D2 


D1 







_r 



Y output 1 

level ' v 



V 3 ' V 2 1 V 4 
When used as a common driver 



Figure 1 Selection of LCD Drive Output 



V 1# V 2 : Selected level 
V 3 , V 4 : Non-selected level 



-V, 

-v 3 
-v 4 

-V 2 



Figure 2 Power Supply for Driving an LCD 
HITACHI 
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Block Functions 
LCD Drive Circuits 

Select one of four levels of voltage V 1, V2, V3, 
and V4 for driving a LCD and transfer it to the 
output terminals according to the combina- 
tion of M and the data in the latch circuit. 

Latch Circuit 

Latches the data input from the bidirectional 
shift register at the fall of CL1 and transfer its 
outputs to the LCD drive circuits. 



Bidirectional Shift Reigster 

Shifts the serial data at the fall of CL2 and 
transfers the output of each bit of the register 
to the latch circuit. When SHL = GND, the 
data input from DI shifts from bit 1 to bit 80 in 
order of entry. On the other hand, when SHL 
= Vcc, the data shifts from bit 80 to bit-1. In 
both cases, the data of the last bit of the 
register is latched to be output from DO at 
the rise of CL2. 



SHL = GND 



LCD drive outputs 



CL2 
DI — 
DO^- 



- Shift register ■ 



SHL = V cc 



LCD drive outputs 



CL2 





1 


2 


Latch circuit 






















1 


2 


„ Shift register | 


79 


80 











DI- 
DO 



Figure 3 Relation between SHL and the Shift Direction 
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Yl Y2 LCD drive outputs 



M_ 



(alternating signal) 



DI 

(input data) 



(shift clock) 



•u 



CD 



-J 

T 



LCD drive circuit 



l I 2 I Bidirectional shift register 



FRr 



i 



- Vi, Va. Vs. V4 
(power supply for 
LCD drive circuit) 



■ Vcc 
- GND 
" Vee 



DO 

(output data) 



(selects 

a shift direction) 



Figure 4 Block Diagram 
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Primary Operations 
Shifting Data 

The input data DI shifts at the fall of CL2 and 
the data delayed 80 bits by the shift register 
is output from the DO terminal. The output of 
DO changes synchronously with the rise of 
CL2. This operation is completely unaffected 
by the latch clock CL1. 

Latching Data 

The data of the shift register is latched at the 



negative edge of the latch clock CL1. Thus, 
the outputs Yi-Yeo change synchronously 
with the fall of CL1. 

Switching Data Shift Direction 

When the shift direction switching signal 
SHL is connected with GND, the data D80, 
immediately before the negative edge of CL1, 
is output from the output terminal Yi. When 
SHL is connected with Vcc, it is output from 

Y80- 



Shift clock CL2 



Input data DI 



Output data DO 



JTJT-nXLTLTL 




Figure 5 Timing of Receiving and Outputting Data 



Shift clock CL2 



Latch clock CL1 



Outputs Y1-Y80 



_n_n_n_ _nj~LTLr 

n 



Figure 6 Timing of Latching Data 
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SHL= GND 

Shift clock 


CL2 


1 II II 1 

_l U U L 


i — ii — ii — i 

_l U U L_ 


Input data 


DI 




„.Z>GEXDO 


Latch clock 


CL1 




n 
i i 




Yl 






Outputs 


to 
Y80 






SHL = V CC 










Yl 




>o_ 


Outputs 


to 






Y80 







Figure 7 SHL and Waveforms of Data Shift 
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Absolute Maximum Ratings 



Item Symbol Ratings Unit Note 



Supply Logic Circuits 


Vcc 


-0.3 to +7.0 


V 


•1 


Voltage 

LCD Drive Circuits 


Vcc-Vee 


-0.3 to +7.0 


V 




Input Voltage (1) 


Vri 


-0.3 to Vcc + 0.3 


V 


•1 


Input Voltage (2) 


Vr2 


Vcc + 0.3 to \fe - 0.3 


V 


*2 


Operation Temperature 


Topr 


-20 to +75 


C 




Storage Temperature 


Tstg 


-55 to +125 


C 





*1 A reference point is GND (= V) 
*2 Applies to V1-V4. 

Note: If used beyond the absolute maximum ratings, LSIs may be permanently destroyed. It is best to 
use them at the electrical characteristics for normal operations. If they are not used at these 
conditions, it may affect the reliability of the device. 
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Electrical Characteristics 
DC Characteristics 



(Vcc = 5 V ± 10%, Vcc-Vke 


=3.0 to 6.0 V, GND = 


V, T. = 


-20 to +75°C) 


Item 


Symbol 


Terminals Min. Typ. 


Max. 


Unit 


Test condition Note 


Input High Voltage 


V, H 


CL1 , CL2 0.8 x V CC ~ 


Vcc 


V 




Input Low Voltage 


v|L 


M, Dl, SHL 


0.2 x V CC V 




Output High Voltage 


v OH 


DO Vcc-0.4 - 




V 


I/mj — — A 4 mA 


Output Low Voltage 


Voi 




0.4 


V 


| 0L =s +0.4 mA 


On Resistance 
Vi-Vj 


RON1 


_ — 

Yi-Y 80 


11 


kn 


Ion = 0. 1 mA to 
one Y terminal 




RON2 


V1-V4 


30 


kn 


Ion = 0.05 mA to 
each Y terminal 


Input Leakage Current 


IlL 


CL1,CL2, -5.0 
M, Dl, SHL 


5.0 


M 


V in = V to V cc 


Vi Leakage Current 


K/L 


V1-V4 -5.0 


5.0 




Output Y1-Y80 open 
V ln = V cc to V EE 


Current Dissipation 


Ignd 




2.0 


mA 


f C L2 = 1.0 MHz *1 




Iee 




0.1 


mA 


feu = 2.5 kHz 



* 1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, excessive 
current flows from the power supply through the input circuit. 
To avoid this, Vih and Vn_ must be fixed at Vcc and GND level respectively. 



AC Characteristics 

(Vcc = 5 V ± 10%, Vcc-Vee = 3.0 to 6.0 V, GND = V, T a = -20 to +75C) 



Item 


Symbol 


Terminals 


Min. 


Typ. 


Max. 


Unit 


Note 


Data Shift Frequency 


fCL 


CL2 






1 


MHz 




Clock High level Width 


tcWH 


CL1 ,CL2 


450 






ns 




Clock Low level Width 


tcWL 


CL2 


450 






ns 




Data Set-Up Time 


fsu 


Dl 


100 






ns 




Clock Set-Up Time (1) 


tSL 


CL2 


200 






ns 


*1 


Clock Set-Up Time (2) 


tLS 


CL1 


200 






ns 


*2 


Output Delay Time 


tpd 


DO 






250 


ns 


*3 


Data Hold Time 


tDH 


Dl 


100 






ns 




Clock Rise/Fall Time 


fCT 


CL1 f CL2 






50 


ns 





*1 Set-up time from the fall of CL2 to that of CL1 . 
*2 Set-up time from the fall CL1 to that of CL2. 
*3 Test terminal 



C£ (Load capacitance on outputs) = 30pF 
(Including jig capacitance) 
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Figure 8 Timing Chart of HD66100F 
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Typical Applications 

Connection with the LCD Controller HD44780 



C0M1- 
C0M16 



SEG1- 
SEG40 



HD44780 v« 
Vs 
GND 



DI Yi -Y»o DO 
SHL HD66100F 



3d s^§^> £ 



DI Yi-Y»o DO 
SHL HD66100F 



« C Contrast 

1— V 

[power supply 
for LCD drive] 



Figure 9 Example of Connection (1/16 duty cycle, 1/5 bias) 



COMl- 
COM8 



SEG1- 
SEG40 



HD44780 v , 
V» 
GND 



DI 


Yi-Yso DO 


SHL 


HD66100F 




£o>- >:>>:> 



DI 


Yi-Yso DO 


SHL 


HD66100F 


Zj j _ 


u§ M 



: t Contrast 



[power supply 
for LCD drive] 



Figure 10 Example of Connection (1/8 duty cycle, 1/4 bias) 
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Connection with LCD 111 (HD44790) 



C0M1- 
C0M3 



SEG1- 
SEG32 



-N 




DI Yi-Y»o DO 
SHL HD66100F 




DI 


Yi-Yso DO 


SHL 


HD66100F 


S3* 





[power supply 
for LCD drive] 



Figure 11 Example of Connection (1/3 duty cycle, 1/3 bias) 



Static Drive 



First 
figure 



Second 
figure 



Tenth 
figure 



COM signal 



o 

ft 



A 



CLi- 

CL2- 
M- 

Vcc- 
GND- 



CMOS 
inverter 




SEG1-SEG80 



DI Yi-Yso DO 
SHL HD66100F 

N 5 OQ U) - cv, M 

rfd * 5 £>>>> 
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Figure 12 Example of Connection (80-segment display) 
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• Timing Chart of Input Waveforms 



Shift clock CL2 



78 79 80 

rurji 




Latch clock CL1 



Figure 13 Timing Chart of Input Waveforms 



Notes: 

1 . Input square waves of 50% duty cycle (about 
30-500Hz) to M . The frequency depends on 
the specifications of LCD panels. 

2. The drive waveforms corresponding to the 
new displayed data are output at the fall of 
CL1 . Therefore, when the alternating signal M 
and CL1 do not fall synchronously, DC ele- 
ments are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 



minutes, and seconds of a clock). To avoid 
this, make CL1 fall synchronously with the 
one edge of M . 
3. In this example, the CMOS inverter is used as 
a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD66100F outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be in 
that case. 




Figure 14 Example of Connection 





79 80 


« jiru-' 


-JUT— 




Ys V Y 2 \ / 
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CL1 





Figure 15 Timing Chart (when Yi is used as a COM signal) 
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HD611 OOA 

(LCD Driver with 80-Channel Outputs) 



Description 

The HD61100A is a driver LSI for liquid crystal 
display systems. It receives serial display data from 
a display control LSI, HD61830, etc., and generates 
liquid crystal driving signals. 

It has liquid crystal driving outputs which 
correspond to internal 80-bit flip/flops. Both static 
drive and dynamic drive are possible according to 
the combination of transfer clock frequency and 
latch clock frequency. 

Ordering Information 

Type No. Package 

HD61 1 0OA 1 00-pin plastic QFP(FP-1 00) 



Features 

Liquid crystal display driver with serial/parallel 
conversion function 

• Internal liquid crystal display driver: 80 drivers 

• Display duty cycle 

Any duty cycle is selectable according to 

combination of transfer clock and latch clock 

Data transfer rate: 2.5 MHz max. 

Power supply 

V C c: +5 V ± 10% (Internal logic) 
Vcc-Vee* 5.5 to 1.7 V (Liquid crystal 
display driver circuit) 

• Liquid crystal driving level: 17.0 V max. 
CMOS process 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1) 


Vcc 


- 0.3 to +7.0 


V 


2 


Supply voltage (2) 


Vee 


Vcc -19.0 to Vcc + 0.3 


V 




Terminal voltage (1) 


V T 1 


-0.3 to Vcc + 0.3 


V 


2,3 


Terminal voltage (2) 


V T2 


Vee - 0.3 to Vcc + 0.3 


V 


4 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to +125 


°c 





Notes: 1 . LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In ordinary 
operation, it is desirable to use them within the limits of electrical characteristics, because 
using it beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referred to GND = V. 

3. Applies to input terminals, FCS, SHL, CL1 , CL2, DL, DR, E, and M. 

4. Applies to Vil, Vir, V2L, V2R, V3L, V3R, V4L and V4R. Must maintain: 

VcC^ViL«ViR>V3L«V3R^V4L = V4R>V2L»V 2 R>VeE. 

Connect a protection resistor of 15 Q, ± 10% to each terminals in series. 
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Pin Arrangement 



Y30[ 
Y29[ 
Y28[ 
Y27[ 
Y26[ 
Y25[ 
Y24[ 
Y23[ 
Y22[ 
Y21| 
Y20[ 
Y19[ 
Y18[ 
Y17[ 
Y16[ 
Y15[ 
Y14[ 
Y13[ 
Y12[ 
Y11[ 
Y10[ 
Y9 | 
Y8 | 
Y7 | 
Y6 | 
Y5 | 
Y4 | 
Y3 | 
Y2| 
Y1 



JY51 
]Y52 
]Y53 
]Y54 
]Y55 
]Y56 
]Y57 
]Y58 
]Y59 
]Y60 
]Y61 
]Y62 
]Y63 
]Y64 
)Y65 
]Y66 
]Y67 
]Y68 
]Y69 
]Y70 
]Y71 
]Y72 
]Y73 
]Y74 
]Y75 
]Y76 
]Y77 
]Y78 
lY79 
Y80 



IISiKISeilESISIiili 



O DC DC CC DC 



(Top view) 
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HD61100A 



Electrical Characteristics 
DC Characteristics 



(V CC = 5 V ± 10%, 


GND = 


V, Vcc-V E e 


= 5.5 


to 17 V, 


Ta = 


-20 to +75°C) 




Item 


Symbol Min 


Tvd 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


Vh 


OJxVcC 




Vcc 


V 




1 


Input low voltage 


Vil 







0.3 x Vcc 


V 




1 


Output high voltage 


VOH 


Vex: -0.4 






v 


Ioh = — 400 uA 


2 


Output low voltage 


Vol 






0.4 


V 


Id * +400 uA 


2 


Driver resistance 


Ron 






7.5 


ka 


V EE = -10V, 
Load current « 
100 uA 


3 


Input leakage current 


IIL1 


-1 




+1 


uA 


Vin - to Vcc 


1 


Input leakage current 


l|L2 


-2 




+2 


uA 


V| N = V E EtoVcc 


4 


Dissipation current (1 ) 


Ignd 






1.0 


mA 




5 


Dissipation current (2) 


Iee 






0.1 


mA 




5 



Notes: 1 . Applies to CL1 , CL2, FCS, SHL, E, M, DL, and DR. 

2. Applies to DL, DR, and CAR. 

3. Applies to Y1—Y80. 

4. Applies to Vil, Vi r, V2L, V2R, V3L, V3R, V4L, and V4R. 

5. Specified when display data is transferred under following conditions: 

CL2 frequency fcP2 ■ 2.5 MHz (data transfer rate) 
CL1 frequency fepi * 4.48 kHz (data latch frequency) 
M frequency fM * 35 Hz (frame frequency/2) 

Specified when Vih = Vcc, Vil = GND and no load on outputs. 

Ignd: currents between Vcc and GND. 

Iee: currents between Vcc and Vee. 
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AC Characteristics 

(V C c = 5 V ± 10%. GND = V, 


Vcc-v 


EE = 5.5 


to 17 


V, Ta 


= -20 to +75°C) 


Item 


Symbol Min 


Typ 


Max 


Unit 


Test Condition Note 


Clock cycle time 


tCYC 


400 






ns 




dock hiflh lex/el width 


tCWH 


150 




— — 


ns 




Clock low level width 


tCWL 


150 




~~~ 


ns 




Clock setuD time 


tSCL 


100 






ns 




Clock hold time 

vlvvi\ 1 Iwlvi ill 1 Iv 


tHCL 


1 uu 


— 


— 


ns 




Clock rise/fall time 


tct 




— 


30 


ns 




Clock phase different time 


tCL 


100 


- — 


~~" 


ns 




Data setup time 


tDSU 


80 






ns 




Data hold time 


tDH 


100 






ns 




E setup time 


tESU 


200 






ns 




Output delay time 


tDCAR 






300 


ns 


1 


M phase difference time 


tCM 






300 


ns 





Note: 1 . The following load circuits are connected for specification: 

test point °- 

tct t c t 

*- tCWH "* 



CL1 ■ 
CL2 



. -tcWH-*^ »*-tCWL 
tct t c t 



DL(DR) 



CL1 



CL2 



X 



u 



VlL 



car x <™*'Jrv*i 









V| H 








X 







1 







2 


V| H 












—tHCL "•+•— 


tCYC 





30 pF 



tESU 





* ■* k— tQH — * 




>< 






VlL 




\J\P\ 
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V1LV 2 L%.V4L Y1Y2 



Y80 V 1R V 2R ^ R V4R 



Liquid crystal 
driver circuit 



77 



78 



79 



80 



80 



Latch circuit 2 
80 bits 



— i — i — r 

1 1 2 1 3 i 4 



S/P 



—i — i — r 

5 ! 6 ! 7 1 8 



3E 



0-1 



8^ 



77 



78 



79 



80 



Latch circuit 1 
4 bit x 20 



l — i — r 
77i78j79!80 



02 



Selector 



►Test input 



S R" 



I 



020 



20 



Counter 
§ 



EE 



■Control circuit 



HD61100A 



Block Function 

Liquid Crystal Display Driver Circuit 

The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, VI, V2, V3 and V4 to be output. 

80-bit Latch Circuit 2 

The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 

S/P 

Serial/Parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is "L" level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR which is in the 
output status. 

When SHL is "H" level, input data from terminal 
DR without connecting any lines to terminal DL. 

80-bit Latch Circuit 1 

The 4-bit data is latched at <|>1 to <|>20 and output to 
latch circuit 2. When SHL is "L" level, the data 
from DL are latched one in order of l->2->3 ... -» 
80 of each latch. When SHL is "H" level, they are 
latched in a reverse order (80->79->78 ... -»1). 



Selector 

The selector decodes output signals from the 
counter and generates latch clock $1 to <|>20. When 
the LSI is not active, <>1 to <>20 are not generated, 
so the data at latch circuit 1 is stored even if input 
data (DL, DR) changes. 

Control Circuit 

Controls operation: When E— F/F (enable F/F) 
indicates "1", S/P conversion is started by 
inputting "L" level to E. After 80-bit data has been 
all converted, CAR output turns into "L" level and 
E — F/F is reset to "0", and consequently the 
conversion stops. E — F/F is RS flip-flop circuit 
which gives priority to SET over RESET and is set 
at"H"levelofCLl. 

Counter consists of 7 bits, and the output si gnals 
of upper 5 bits are transferred to the selector. CAR 
signal turns into "H" level at the rise of CL1 and 
the number of bit which can be S/P-converted 
increases by connecting CAR terminal with E 
terminal of the next HD61 100A. 
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HD61100A 



Terminal Functions Description 



Terminal 
Name 



Number of 
Terminals 



I/O 



Connected 
to 



Functions 



Vcc 
GND 

Vee 



Power 
supply 



Vcc - GND: Power supply for internal logic 
Vcc ~ Vee: Power supply for LCD drive circuit 



V1L-V4L 
V1R-V4R 



Power 
supply 



Power supply for liquid crystal drive. 

Vil (V1 r), V 2 l (V 2 r): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 

Power supplies connected with Vn_ and Vir (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 



Y1— Y80 80 



LCD Liquid crystal driver outputs. 

Selects one of the 4 levels, V1 , V2, V3, and V4. 

Relation among output level, M and display data (D) is as 
follows: 



d _JT\oJT]_of" 



Output 
level 



V1 V3 V2 V4 



M 1 I Controller Switch signal to convert liquid crystal drive waveform into 

AC. 



CL1 


1 


I Controller Latch clock of display data (fall edge trigger). 

Liquid crystal driver signals corresponding to the display 
data are output synchronized with the fall of CL1 . 


CL2 


1 


I Controller Shift clock of display data (D). 
Falling edge trigger. 



DL, DR 2 I/O Controller Input of serial display data (D). 

Liquid Crystal Liquid Crystal 



(D) 


Driver Output 


Display 


1 (High) 


Selection level 


On 


O(Low) 


Non-selection level 


Off 



I/O status of DL and DR terminals depends on SHL input 
level. 



SHL 


DL 


DR 


High 


O 


I 


Low 


I 


O 
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Terminal Functions Description (cont) 
Terminal Number of Connected 

Name Terminals I/O to Functions 

SHL 1 I VccorGND Selects a shift direction of serial data. 

When the serial data (D) is input in order of D1 -> ... -» D80, 
the relations between the data (D) and output Y are as 
follows. 



SHL 


Y1 


Y2 


Y3 


Y80 


Low 


D1 


D2 


D3 


D80 


Hiah 


D80 


D79 


D78 


D1 



When SHL is low, data is input from the terminal DL. No 
lines should be connected to the terminal DR, as it is in the 
output state. 

When SHL is high, the relation between DL and DR 
reverses. 



E 


1 


1 GNDorthe 
terminal 
CSR of the 
HD61100A 


Controls the S/P conversion. 

The operation stops when E is high, and the S/P 
conversion starts when E is low. 


csr 


1 


O Input 

terminal E 
of the 
HD61100A 


Used for cascade connection with the HD61 1 00A to 
increase the number of bits which can be S/P converted. 


FCS 


1 


I GND 


Input terminal for test. 
Connect to GND. 





Operation of the HD61100A 

The following describes an LCD panel with 64 x example of liquid crystal display and connection to 

240 dots on which characters are displayed with HD61100A's. Figure 2 is a time chart of 

1/64 duty cycle dynamic drive. Figure 1 is an HD61 100A I/O signals. 
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HD61100A 



COM1- 
COM2- 
COM3- 



1. 

1 


1, 
2 




1. 
80 


1, 
81 


1, 
82 




1, 

160 


1. 

161 




1. 

240 


2, 
1 


2. 
2 




2, 
80 


2, 
81 


.CM 
CM CO 




2, 
160 


2, 
161 




2, 

240 


3, 
1 


3, 
2 




3, 
80 














3, 

240 

























LCD-PANEL (64 *240 Dots) 



COM63- 



COM64- 

























63, 
1 


63, 
2 




63, 
80 














63, 
240 


64, 
1 


64, 
2 




64, 
80 


64, 
81 


64, 
82 




64, 
160 






64, 
240 



M O 
CL1 O 
CL2 
DATEO 



Y1 Y2 



Y80 



HD61100A (No. 1) 



x o 

|LU CO LL !3E 



zi _. a:|5 

O O Q Ojo 




T 

Z 
LU 
Q. 
O 



Y1 Y2 



Y80 



HD61100A (No. 2) 

-J CO -r- cvi IOC 

io«.j-j-jii< 
co il 2 o o q o o 



LU 

o 



Y1 



Y80 



HD61100A (No. 3) 



-J CO 

IUJO0 LL So o o o|d 



TT 

Z Z 
LU LU 



Cascade three HD61 1 0OAs. Input data to the terminal DL of N o. 1, N o 2, and 
No. 3. Connect E of No. 1 to GND. Don't connect any lines to CAR of No. 3. 
Connect common signal terminals (COM1-COM64) to X1-X64 of common driver 
HD61103A. (m,n) in LCD panel is the address corresponding to each dot. 
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Figure 1 LCD driver with 64 x 240 dots 
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MU- 
CH _rL 



CL2 t4tJTJTJ1---JTJTJTJTJT^ 

CAR(No. 1 ) J |e ( No.2) I i 1 

CAR(No. 2) _l |E(No.3) j I ! 



CAR(No. 3) J" 



Y1-Y80 1%. 



M _ 

CL1 J 



4 



cl2 4uul — -Jinnnfuui juuumniui — uuuuuuinn. — Jinnnniui uinnh. 

dl JM- — 3ggg9GS- — SBBGNK — EBBBBBBBC— 3BBBBBE- — )§§§§£ 



Y1-Y80 D|C 



1 Frame 



M J 

CL1 | I » 



I I I I I I I 1 I 



Yi(No.i) ;XDGDG3^ 
Y2(No. 1) jciXlDSGiXEDGI 



Y80(No. 1) Jp*m*>te*x^^ 



» I i I i i I 



ZXDOCDCDOCDC 
IXDOCXDCXDC 

IXDOOOOOC 



Y80(No. 3) J®®®€3®€E ID€B€B€B©€BOCXIXZXZ DOCXXXDOC 



Timing 

chart 

of 

horizontal 
direction 



Timing 

chart 

of 

vertical 
direction 



Timing 

chart 

of 

liquid 

crystal 

display 

driver 

output 



Timing chart for the example of connection in figure 1 . 

DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 



HD61100A 



Application Examples 

An Example of 128 x 240 Dot Liquid Crystal Display (1/64 Duty Cycle) 



DATE (1) O- 
MO- 
CL1o- 
CL2o- 

DATE (2) O- 



240 dots 



Y80 

HD61100A No. 1 
llii (0 LL 2 O O Q QIC 



III 



Y1« 



■ Y80 



HD61100A No. 2 

-J CO y- C\i ^15 

I CO LL S O O Q QIC 



CO u. o o "13 

HD61100A No. 4 
Y80- 



<Y1 Y80 

HD61100A No. 3 

^ 8 _ r] £J or|5 



CO UL o o "|3 
HD61100A No. 5 



Y80- 



ill 



HD61100A No. 6 



Y80- 



Figure 3 128 x 240 Dot Liquid Crystal Display 



The liquid crystal panel (figure 3) is divided into 
upper and lower parts. These two parts are driven 
separately. HD61100As No. 1 to No. 3 drive the 
upper half. Serial data, which are input from the 
DATA(1) terminal, appear at Yi -* Y2 -> Ygo 
terminal of No. 1, then at Yi -> Y2 -» - Ygo of 
No. 2 and then at Yi -* Y 2 -» Y 80 of No. 3 in 
the order in which they were input (in the case of 
SHL = low). HD61100AS No. 4 to No. 6 drive the 



lower half. Serial data, which are input from the 
DATA(2) terminal, appear at Y 80 -> Y79 -> - Yi 
of No. 4, then at Y 8 o -* Y 79 -> - Yi of No. 5 and 
then Ygo -* Y 79 -* - Y t of No. 6 in the order in 
which they were input (in the case of SHL = high). 
As shown in this example, PC board for display 
divided into upper and lower half can be easily 
designed by using SHL terminal effectively. 
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Example of 64 x 150 Dot Liquid Crystal Display (1/64 Duty Cycle, SHL = Low) 



-150 dots 



Liquid crystal display panel 



Y1 ^ ' Y80 

HD61100A No. 1 



64 dots 



Y1 - — Y70 
HD61100A No. 2 



Figure 4 64 x 150 Dot Liquid Crystal Display 



4-bit parallel process is used in this LSI to lessen the power dissipation. 

Thus, the sum of the dots in horizontal direction should be multiple of 4. 

If not, as this example (figure 4), consideration is needed for input signals (figure 5). 



CL1 



_Tl 



DATE 



ZXD©G 



- Effective data - 



•I Dummy | 
data 



Figure 5 Input Dots, 150 Horizontal Dots 



As the sum of dots in lateral direction is 150, 2 more dummy data bits are transferred (152 = 4 x 38). 
Dummy data, which is output from Y71 and Y72 of No. 2, can be either or 1 because these terminals do 
not connect with the liquid crystal display panel. 
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H D6 1 200 

(LCD Driver with 80-Channel Outputs) 



Description 

The HD61200 is a column driver LSI for a large- 
area dot matrix LCD. It employs 1/32 or more duty 
cycle multiplexing method. It receives serial 
display data from a micro controller or a display 
control LSI, HD61830, etc., and generates liquid 
crystal driving signals. 

Ordering Information 

Type No. Package 

HD61 200 1 00-pin plastic QFP(FP-1 00) 



Features 

Liquid crystal display driver with serial/parallel 
conversion function 

Internal liquid crystal display driver: 80 drivers 
Drives liquid crystal panels with 1/32-1/128 
duty cycle multiplexing 

• Can interface to LCD controllers, HD61830 
andHD61830B 

Data transfer rate: 2.5 MHz max 

• Power supply: Vcc: 5 V ± 10% (Internal 
logic) 

• Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 

CMOS process 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


2 


Supply voltage (2) 


Vee 


V cc - 19.0 to Vcc + 0.3 


V 




Terminal voltage (1) 


Vn 


-0.3 to V C c + 0-3 


V 


2,3 


Terminal voltage (2) 


V T2 


V EE - 0.3 to V C c + 0.3 


V 


4 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to +125 


°c 





Notes: 1 . LSIs may be permanently destroyed if being used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referenced to GND = V. 

3. Applies to input terminals, FCS, SHL, CL1 , CL2, DL, DR, E, and M. 

4. Applies to V 1L , V 1R , V 2 |_, V 2R , V 3L , V 3 r, V 4L> and V 4R . Must maintain 
Vcc>V 1L = V 1R >V3 L = V3 R >V 4L = V 4R >V 2L = V 2R >V EE . 

Connect a protection resistor of 15 Q. ± 10% to each terminal in series. 
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Pin Arrangement 



59 ^ 1Q co 

CO CO CO CO 



y- CM 

CO CO _ _ - . 

>>->>->->• 



NOOOJQT-OJCOtWCpNCOOJO 

^l|c0||CM||r-| 
CO||00||CO||CO| 



31 



Y30[ 

Y29[ 

Y28[ 

Y27[ 

Y26[ 

Y25[ 

Y24[ 

Y23[ 

Y22[ 

Y21 | 

Y20[ 

Y19[ 

Y18[ 

Y17[ 

Y16[ 

Y15[ 

Y14[ 

Y13[ 

Y12| 

Y11 | 

Y10l 

Y9 

Y8 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 



LU _j _j _j _j 5 



|M.|oo|| 
|co||co| | 

y- CO 

-J o 

O LL 



||t-||CM| 



mi 



-J CM 
X —J 
CO O 



-J cc, 

Q Q| 



]Y51 
]Y52 
]Y53 
]Y54 
]Y55 
]Y56 
]Y57 
]Y58 
]Y59 
]Y60 
]Y61 
]Y62 
]Y63 
]Y64 
]Y65 
]Y66 
]Y67 
]Y68 
]Y69 
]Y70 
]Y71 
)Y72 
]Y73 
]Y74 
)Y75 
]Y76 
)Y77 
]Y78 
]Y79 
Y80 



K N" k k w 



5 O CC CC DC CC 

% O ^ CO (M r- 

o > > > > > 



(Top View) 
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HD61200 



Electrical Characteristics 
DC Characteristics 



(V C c = 5 V ± 10%, GND = 


V, V CC 


- VEE 


= 8 V to 17 V, Ta 


= -20 to 75°C) 




Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V, H 


0.7 x Vcc 


— 


Vcc 


V 




1 


Input low voltage 


V|L 





— 


0.3 x 
Vcc 


V 




1 


Output high voltage 


VOH 


Vcc ""°-4 






V 




2 


Output low voltage 


Vol 






0.4 


V 


Iql-400uA 


2 


Driver on resistance 


Ron 






7.5 


kn 


Load current « 
100 uA 


5 


Input leakage current 


I|L1 


-1 




1 


uA 


V| N -0to Vcc 


1 


Input leakage current 


*IL2 


-2 




2 


uA 


V, N »V EE toVcc 


3 


Dissipation current (1) 


Ignd 






1.0 


mA 




4 


Dissipation current (2) 


Iee 






0.1 


mA 




4 



Notes: 1. Applies to CL1 , CL2, SHL, E, M, DL, and DR. 

2. Applies to CAR. 

3. Applies to V 1 l, r, V 2 l, V 2 r, V 3L , V 3Ri V 4L , and V 4R . 

4. Specified when display data is transferred under following conditions: 
CL2 frequency fcP2 - 2.5 MHz (data transfer rate) 

CL1 frequency fcpi » 4.48 kHz (data latch frequency) 
M frequency f^ « 35 Hz (frame frequency/2) 
Specified at V|h « Vcc (V). V|i_ « V and load on outputs. 
1gnd : currents between Vcc and GND. 
Iee : currents between Vcc and V EE. 

5. Resistance between terminal Y and terminal V (one of Vil. Vir, V2L. V2R, V3L, Vsr, V4L, and 
V4R when load current flows through one of the terminals Y1 to Y80. This value is specified 
under the following condition: 

Vcc-V EE -17 V 
VlL - Vir, V 3L - V 3R - V CC - 2^ (VCC- V EE ) 
V 2 L « V 2R> V 4L » V 4R » V EE +2/7 (V CC - V EE ) 




o Terminal Y 
(Y1-Y80) 
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The following here is a description of the range of power supply voltage for liquid crystal display drivers. 
Apply positive voltage to V 1L = Vi R and V 3L = V 3R and negative voltage to V 2 l = V2R an <* V 4L = V 4R 
within the AV range. This range allows stable impedance on driver output (RON). Notice the AV depends 
on power supply voltage Vcc-Vee- 




Vcc-Vee(V) 

Correlation between Driver Output Correlation between Power 

Waveform and Power Supply Voltages Supply Voltage V cc - V EE and A V 

for Liquid Crystal Display Drive 
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Terminal Configuration 

Input Terminal 



Vcc 
[HH PMOS 



-j^jNMOS 



Applicable terminals; 
CL1.CL2, SHL, E, M 



Input Terminal (with Enable) 

Vcc V C c 



PMOS rHf^PMOS DL o 



Enable 



Output Terminal 




Applicable terminals: DL, DR 



DR O- 



SHLO >o-i->oJ 



PMOS 



Vcc 

4 



Applicable terminal: CAR 



NMOSj^ H 



Output Terminal 



Applicable terminals: 
Y1-Y80 



i- p PMOS n w v 
I ° V 1U V 1R 

Vcc 

■ f r I - £M2§ -OV3,V3 R 

Vcc 
Vee 
V EE 



-rp NMOS oV„,V. 



'2L- V 2R 
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AC Characteristics 

(V CC = 5 V ± 10%, GND = V, Ta = -20 to +75°C) 



Item 



Symbol Min Typ Max Unit Test Condition Note 



Clock cycle time 



tcYC 



400 — 



— ns 



Clock high level width 



*CWH 



150 — 



— ns 



Clock low level width 



tcwL 



150 — 



— ns 



Clock setup time 



tscL 



100 



— ns 



Clock hold time 



tHCL 



100 — 



— ns 



Clock rise/fall time 



tct 



— — 30 



Clock phase different time 



tCL 



100 — 



— ns 



Data setup time 



tosu 



80 



— ns 



Data hold time 



100 — 



E setup time 



Iesu 



200 — 



— ns 



Output delay time 



t DCAR 



— — 300 



M phase difference time 



— — 300 



ns 



Note: 1 . The following load circuit is connected for specification: 



tct tct 
*- tcwH 



test point «- 



CL1 ■ 
CL2 



1 



30 pF 



DL( DR) X 
CL1 V|H 



♦-to. —\ H-tsCL ■** I*-IHCL ■*+• — «eyc H 

J' K / t D su\ V ' Hv 'L / \ 

~*l **-tcWH-^. **~tcWL -H h *l I*— tDH 

tct tct 



X 



VlL 



M 









V| H 















tESU 



tcM 



V| Hl 



\ tESU 

vil\TZ 
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Y80 V 1R V 2R Wj R V 4R 



Liquid crystal display 
driver circuit 



80 



77 



78 



79 



80 



1 


2 


3 


4 


5 


6 


7 


8 


Latch circuit 2 
80 bits 


77 


78 


79 


80 


— 1 — 1 — 1 — 


— i — r— i — 




80 




— i — i — 1 — 



1 1 2 { 3 ! 4 



S/P 



St 



St 



01 



4 bit x 20 



77j78!79!80 



St 



02 



Selector 



"Test input 



S R 

Y 



I 



020 



20 



Counter 



■Control circuit 



HD61200 



Block Function 

Liquid Crystal Display Driver Circuit 

The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, VI, V2, V3, and V4 to be output. 

80-bit Latch Circuit 2 

The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 

S/P 

Serial/parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is low level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR. 

When SHL is high level, input data from terminal 
DR without connecting any lines to terminal DL. 

80-bit Latch Circuit 1 

The 4-bit data is latched at <|>1 — $20 and output to 
latch circuit 2. When SHL is low level, the data 
from DL are latched in order of l-+2-*3 ... ->80 of 
each latch. When SHL is high level, they are 
latched in a reverse order (80-*79->78 ... -*!). 



Selector 

The selector decodes output signals from the 
counter and generates latch clock 4»1 to <t>20. When 
the LSI is not active, 4>l-4>20 are not generated, so 
the data at latch circuit 1 is stored even if input data 
(DL, DR) changes. 

Control Circuit 

Controls operation: When E-F/F (enable F/F) 
indicates 1, S/P conversion is started by inputting 
low level to E. After 80-bit data has been all 
converted, CAR output turns into low level and E- 
F/F is reset to 0, and consequently the conversion 
stops. E-F/F is RS flip-flop circuit which gives 
priority to SET over RESET and is set at high 
level of CL1. 

The counter consists of 7 bits, and the output 
signa ls upper 5 bits are transferred to the selector. 
CAR signal turns into high level at the rise of 
CL1. The number of bits that can be S/P-con verted 
can be increased by connecting CAR terminal with 
E terminal of the next HD61200. 
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Terminal Functions Description 
Terminal Number of Connected 

Name Terminals I/O to Functions 

Vcc 1 Power Vcc-GND: Power supply for internal logic 

GN° 1 supply Vcc _ v EE - Power supply for lcd drive circuit 

Power supply for liquid crystal drive. 
Vn (Vi r), V 2L (V 2 r): Selection level 
V3L ( V 3R)« v 4L ( v 4R> : Non-selection level 
Power supplies connected with V 1L and V 1R (V 2 l & V 2 r, 
V 3L & V 3R. V 4L & v 4r) should have the same voltages. 

Y1-Y80 80 O LCD Liquid crystal driver outputs. 

Selects one of the 4 levels, V1 , V2 V3, and V4. 

Relation among output level, M, and display data (D) is as 
follows: 



M _J 1 I I 

D JT]jJTLo^ 
ST' |yi|y3|y2|y4 r | 



M 


1 


I Controller 


Switch signal to convert liquid crystal drive waveform into 
AC. 


CL1 


1 


1 Controller 


Synchronous signal (a counter is reset at high level). 

Latch clock of display data (falling edge triggered). 

Synchronized with the fall of CL1 , liquid crystal driver 
signals corresponding to the display data are output. 


CL2 


1 


1 Controller 


Shift clock of display data (D). 
Falling edge triggered. 


DL, DR 


2 


1 Controller 


Input of serial display data (D). 

Liquid Crystal Liquid Crystal 
(D) Driver Output Display 








1 (High level) Selection level On 








(Low level) Non-selection level Off 


SHL 


1 


1 VccorGND 


Selects the shift direction of serial data. 

When the serial data (D) is input in order of D1 -* ... -»D80, 
the relations between the data (D) and output Y are as 
follows: 

SHL Y1 Y2 Y3 .... Y80 








Low D1 D2 D3 .... D80 








High D80 D79 D78 D1 
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Terminal Functions Description (cont) 



Terminal Number of Connected 

Name Terminals I/O to Functions 



SHL 
(cont) 


1 


I VccorGND 


When SHL is low, data is input from the DL terminal. No 
lines should be connected to the DR terminal. 

When SHL is high, the relation between DL and DR 
reverses. 


E 


1 


I GNDorthe 
terminal CAR 
of the 
HD61200 


Controls the S/P conversion. 

The operation stops on high level, and the S/P conversion 
starts on low level. 


CAR 


1 


O Input terminal Used for cascade connection with the HD61 200 to 

E of the increase the number of bits that can be S/P converted. 
HD61200 


FCS 


1 


1 GND 


Input terminal for test. 
Connect to GND. 



Operation of the HD61200 

The following describes an LCD panel with 64 x 240 dots on which characters are displayed with 1/64 duty 
cycle dynamic drive. Figure 1 is an example of liquid crystal display and connection to HD61200s. Figure 2 
is a time chart of HD61200 I/O signals. 
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COM1 
COM2 
COM3 



COM63 
COM64 



1. 

1 


1. 

2 




1, 
80 


1, 
81 


1. 
82 




1, 

160 


1. 

161 




1. 

240 


2, 
1 


2, 
2 




2, 
80 


2, 
81 


-CM 
CM CO 




2, 
160 


2, 
161 




2, 

240 


3, 
1 


3, 
2 




3, 
80 














3, 

240 








L 


CD Pa 


nel (6 


4 x 240 Dot* 










63, 
1 


63, 
2 




coo 
coco 














63, 
240 


64, 
1 


64, 
2 




64, 
80 


64, 
81 


64, 
82 




64, 
160 






64, 
240 



Y1 Y2 Y80 
HD61200 (No. 1) 

ooqqIo 



-J 00 

x o 

ILU co m 



7rT JiT 17T 



MO- 
CL1 O- 
CL2 0- 
DATAO- 



z 

LU 
Q_ 
O 



Y1 Y2 Y80 
HD61200 (No. 2) 



-J GO 

X O _ — — — — r«. 
ILUGOLlSOOOOO 



i 3 -iff IS 



Y1 Y80 

HD61200 (No. 3) 
-J 00 t- cm ^.IQC 

io^ j J jock 

ILU 00 UL S O O O D O 



a. 
O 



TT 



UJ LU 
Q. Q. 
O O 



Figure 1 LCD Driver with 64 x 240 Dots 

Cascade three HD61200s. Input d ata to the DL terminal of No. 1, No. 2, and No. 3. Connect E of No. 1 to 
GND. Don't connect any lines to CAR of No. 3. Connect common signal terminals (COM1-COM64) to 
X1-X64 of common driver HD61203. (m, n) of LCD panel is the address corresponding to each dot 
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m j- 

cli _rt 



! I r_ 

CL2 xjlJTJTJT.-- JTJTJTJTJ^^ 

CAR(No.1) J |g ( No,2) I j 1 

CAR(No. 2) J jE(No.3) j I j 

CAR(No. 3) XI 1 j 1 



Y1-Y80 



CL1 JL 



JL 



JL 



cl2 4UUT. — -juinnjum — -juuuuuuui — "iruuuuuuui — juuinjuin mnnh. 

Y1-Y80 




1 Frame 



M .J- 



CL1 | I I I I 



I I I I I I I I I I 



I I i I 



I I 



Yi(No.i) JGDCldXiDGDC^^ 
Y2(No. 1) ifeDGiDGIXiiXEDGI 



— - ID©©©©^^ DOOOOOOC 

— - =)®€MD®ecxDcx^ zxdocdcxxx: 

— - Z)®€3€3®€30CDCX^ ZOOOCXXXI 

Y80(No. 3) DfeE3€B®€B€55& ID©€B€3€B©CXXIXDC ZXXIXZXZXDCDC 



Y80(No. 1) ,ao Xg,80X3.aoX 4.aoX5,8oX6,ao 



Timing chart for example of connection in figure 1 . 

DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 



Timing 

chart 

for 

horizontal 
direction 



Timing 

chart 

for 

vertical 
direction 



Timing 

chart 

for 

liquid 

crystal 

display 

driver 

output 
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Application Example 



DATE(1)0- 
Mo- 
CUo- 
CL2o- 

DATE(2)0- 



240 dots 



r Yl Y80 

HD61200 No. 1 



lit 



Y1 < Y80 

HD61200 No. 2 

liil W U. S O O 5 QIC 



JIT 



co u. o o Hq 

HD61200 No. 4 
Y80 -Y1 > 



ill 



Y1 Y80 

HD61200 No. 3 

uj co it S O O ti olS 



S £ o o a Q |S 

HD61200 No. 5 
Y80 Y1 j 



111 



a> u. o o "|3 

HD61200 No. 6 
Y80 - -Y1 j 



\ 



^ o 
a. "» 

11 

<D 



Figure 3 Example of 128 x 240 Dot Liquid Crystal Display (1/64 duty cycle) 

The liquid crystal panel is divided into upper and lower parts. These two parts are driven separately. 
HD61200s No. 1 to No. 3 drive the upper half. Serial data, which are input from the DATA (1) terminal, 
appear at Yi -* Y2 -* - Ygo terminal of No. 1, then at Yi -» Y2 -* Ygo of No. 2 and then at Y\-> Y2 -* 
— Ygo of No. 3 in the order in which they were input (in the case of SHL = low). HD6 1200s No. 4 to No. 
6 drive the lower half. Serial data, which are input from DATA (2) terminal, appear at Ygo -* Y79 -* - Yi 
of No. 4, then at Ygo ~* Y79 -» ~ Yi of No. 5 and then Ygo "* Y79 -» - Yi of No. 6 in the order in which 
they were input (in the case of SHL = high). 



As shown in this example, a PC board for a display divided into upper and lower half can be easily designed 
by using the SHL terminal effectively. 
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H D43 1 60AH 

(Controller with Built-in Character 
Generator) 



Display Controller and Character 
Generator for Dot Matrix Liquid 
Crystal Display System 

The HD43160AH receives character data 
written in ASCII code or JIS code from a 
microcomputer and stores them in its RAM 
which has 80 words capacity. 

The HD43160AH converts these data into a 
serial character pattern, then transfers them 
to LCD drivers. 

It also generates other control signals for the 
LCD. The HD44100H LCD driver can be com- 
bined with this controller. 

Display Characters Types 

• Alphanumeric characters: A-Z, a-z, @, 
#, %, &, etc. 

• Japanese characters (katakana) 

Ordering Information 

Type No, Package 

HD431 60AH 54-pin plastic QFP (FP-54) 



• 160 characters in internal character gen- 
erator (ROM) 

(Max 256 characters in external ROM) 
Number Of Characters 

• 4, 8, 16, 24, 32, 40, 64, or 80 characters in 1 
or 2 lines 

Font 

• 5x7 + Cursor or 5 x 11 + Cursor 

Other Function Controlled By 
Microcomputer 

• Display clear 

• Cursor on/off 

• Cursor position preset (character posi- 
tion) 

• Cursor return 
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Block Diagram 



cso- 

CS1- 
CS2- 
CS3- 

RSO- 

R/W- 



DBO 
to 
DB6 . 
DB7 ■ 

V CC 
GND 

RST — 
TEST W 



£ 8 



3 5 



CNO 
CN1 
CN2 



DLN FNTS 



CURS 



Line counter 
Cursor counter 
Character number 
counter 



RAM 
8 bit 

80 words 



—m* 1 — Busy 



X0- 
Y0- 



X7 
Y3 



ROM 
Character 
generator 
(160 char- 
acters) 



ROMS 

j 



M 

FLM 
CL1 



_ j01-05 



P/S con- 
verter 



Internal 

oscillation 

circuit 



I 



Busy Flag 



l External 
J ROM | ; 

• (max. 256 ■ 

• charac- { , A ~ 
» L ters) J M OSC1 



CPG 



CL2 



OSC2 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Supply voltage 


V CC 


-0.3 to +7.0 


V 


Input voltage 


V T 


-0.3 to V C c + 0.3 


V 


Operating temperature 


Topr 


-20 to +75 


°c 


Storage temperature 


Tstg 


-55 to +125 


c 
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Electrical Characteristics (Vcc = 5 V ± 5%, GND = V, Ta = -20 to+75C) 



Item 


Symbol 


Terminal No. min 


typ 


max 


Unit 


Test condition 


Input voltage 
(TTL compatible) 


V, H 


CS0-CS3, E, R/W, 2.0 

nnrt r\m DOf\ 


- 


Vcc 


V 




V, L 


DBO DB7, RSO 


- 


0.8 


V 




Input voltage 


V|HC 


0SC1, TEST, RST, FNTS, 0.7 V C c 


- 


Vcc 


V 






V, LC 


CURS, DLN, ROMS, ^ 
CN0-CN2, O1-O5 


- 


0.3 V cc V 




Output voltage 
(TTL compatible) 


VOH 








V 


lOH —0.205 mA 


Vol 


DB7 


- 


0.4 


V 


Iol = 1 .6 mA 


Output voltage 


VoHC 


FLM, M, D, CL1 , CL2, V C c-1.0 


- 




V 


li oad = ±0.4 mA 




VOLC 


vrt v*7 vn vo 

AU — A/, YU — TO — 




1.0 


V 




Input leak current 


Ili 


All inputs -5 


- 


5 


mA 




f^i i+rii i+ loalr currant 


'LO 


nR7 — in 

UO 1 1 \J 




10 


mA 




Oscillation 
frequency 


fcpi 


130 


192 


250 


kHz 


R f = 200 kn ±2%, 5 
x 7 + Cursor 


fcP2 


200 


288 


375 


kHz 


R f = 130kfl ±2%, 5 
x 1 1 + Cursor 


Input pull up current 


IPL 


CS0-CS3, RSO, R/W, 2 
DB0-DB7 


10 


20 




V in = 0V 


Power dissipation 


Pr 


* — 




10 


mW 


Ta = 25°C, f C p = 
400 kHz 

(external clock) 



* Input/output current is excluded. When an input is at the intermediate level in CMOS, excessive 
current flows through the input circuit to the power supply. To avoid this, input level must be fixed 
at high or low, CS0-CS3, RSO, R/W, DB0-DB7. 



Pin Arrangement 



Pin 
No. 


Power su 
OSC 


P- 

Input Output 


Pin 
No. 


Power su 
OSC 


P. 

Input 


Output 


Pin 
No. 


Power sup. 
OSC Input 


Output 


1 


GND (-) 




19 






D 


37 


DB3 




2 




X4 


20 






FIM 


38 


DB4 




3 




X3 


21 






<j>A 


39 


DB5 




4 




X2 


22 


0SC1 






40 


DB6 




5 




X1 


23 


0SC2 






41 


DB7 


DB7 


6 




XO 


24 




RST 




42 


ROMS 




7 




N.C. 


25 




TEST 




43 


05 




8 




N.C. 


26 




E 




44 


04 




9 




N.C. 


27 


V CC ( + ) 






45 


03 




10 




CURS 


28 




R/W 




46 


02 




11 




FNTS 


29 




RSO 




47 


01 




12 




DLN 


30 




CSO 




48 




Y3 


13 




CNO 


31 




CS1 




49 




Y2 


14 




CN1 


32 




CS2 




50 




Y1 


15 




CN2 


33 




CS3 




51 




YO 


16 




CL2 


34 




DBO 




52 




X7 


17 




CL1 


35 




DB1 




53 




X6 


18 




M 


36 




DB2 




54 




X5 
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Pin Function 

Pin Number of 

name terminals Connected to I/O Function 

Vcc 2 Power supply +5 V + 10% Power supply 

GND 0V 

CNO 3 GND or Vcc ' Total displayed character number select 



CN1 
CN2 



No. 


4 


8 


16 


24 


32 


40 


64 


80 


CNO 


GND 


Vcc 


GND 


Vcc 


GND 


Vcc 


GND 


Vcc 


CN1 


GND 


GND 


Vcc 


Vcc 


GND 


GND 


Vcc 


Vcc 


CN2 


GND 


GND 


GND 


GND 


Vcc 


Vcc 


Vcc 


Vcc 



CURS 


1 


GND or Vcc 


I 


Cursor select 
GND: 1 dot e 


DLN 


1 


GND or Vcc 


I 


Display line number select 
Vcc: 2 lines 
GND: 1 line 


FNTS 


1 


GND or Vcc 


I 


Font select 

Vcc: .5x11+ Cursor 
GND: 5x7 + Cursor 


RST 


1 


Vcc 


I 


Only for test. Normally Vcc- 


TEST 


1 


GND 


I 


Only for test. Normally GND. 


E 


1 


MPU 


I 


Strobe signal 

Write mode: The HD43160AH latches the data on DBO- 

DB7 at the falling edge of this signal 
Read mode: Busy/Ready signal is active on DB7 while this 

signal is high 
(Low: Ready, High: Busy) 


R/W 


1 


MPU 


I 


Read/Write signal 

L: HD43160AH gets the data from MPU 

H: MPU gets the Busy/Ready signal from HD43160AH 


CSO 
CS1 
CS2 
CS3 


4 


MPU 


I 


Chip select 

When all of CS0-CS3 are 'H', HD43160AH is selected. 


RSO 


1 


MPU 


I 


Register select 

HD431 60AH has 2 registers. One is for character code and 

another is for instruction code. Each register latches the data 

on DBO— DB7 at the falling edge of E, when CSO— CS3 are 

high and R/W is low. 

High: Character code register is selected 

Low: instruction code register is selected 


DBO 
to 

DB7 


8 


MPU 


I 

I/O 
(DB7) 


Data bus 

Inputs for character code and instruction code from MPU 
Output for Busy/Ready flag (DB7) 


D 


1 


HD44100H 





Serial dot data of characters for LCD drivers 


CL2 


1 


HD44100H 





Dot data shift signal for LCD drivers 


CL1 


1 


HD44100H 





Dot data latch signal for LCD drivers 
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xo 

to 
X7 



Number of 



name termini 


lis Connected to 


I/O 


Function 


M 1 


HD44100H 





Alternate signal for LCD drivers 


FLM 1 


HD44100H 





Signal for common plates scanning 



ROM 



Character code outputs for external character generator (for 
ext ROM) 
X7: MSB 
XO: LSB 



ex: character 'A' 



MSB 




LSB 





1 | | | | | 


1 



'1': 

'0' = 



High 
Low 



YO 
Y1 
Y2 
Y3 



ROM 



Character row code for external character generator 



5x7 + Cursor 



5x11+ Cursor 




01 03 05 
02 04 



^A 1 ROM Clock signal for external character generator (dynamic ROM 

etc.) if necessary 



01 
to 
05 


5 


ROM 


I 


Dot data inputs from external character generator 
1 (High): On 
(Low): Off 


ROMS 


1 


GND or V C c 


I 


Select internal or external ROM 
High: External ROM 
Low: Internal ROM 


0SC1 
0SC2 


2 




(I) 
(0) 


Oscillator 5x7 + Cursor: Rf = 200 kfl (typ) 
5x11+ Cursor: Rf = 1 30 kCl (typ) 


NC 


3 






Don't connect any signal to these terminals 
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Character Dot Patterns 

5X7 

The bottom lines of the English small charac- 
ters "g, i, p, q, y," are on the cursor line (Figure 
1). 

5 X 11 



Only the English small character "g, j, p, q, y," 
are displayed as below. The others are the 
same as for 5 x 7 (Figure 2). 

Cursor 5 dots : ••••• 

ldot : • 

The cursor is displayed on the 8th or 12th line. 






1 


2 


3 


Cha 
4 


■acter < 
5 


3ode Ic 
6 


>wer 4 
7 


bits (h 
8 


exadec 
9 


iimal) 
A 


B 


c 


D 


E 
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9 
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Figure 1 5X7 Characters 
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Figure 2 Special 5 X 11 Characters 
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Application 
Setting Up 

1. Total character number: CNO— CN2 

2. Cursor pattern: CURS 

3. Display line number: DLN 

4. Font: FNTS 



These terminals should be connected to Vcc 
or GND according to the LCD display system. 
RST and TEST should be connected to Vcc 
and GND respectively. 



Interface to the Controller 



1. Example 1 Interface to HD6800 



In this example (Figure 3), the addresses of 
HD43160AH in the address area of the 
HD6800 microcomputer are: 

Instruction code register #'E * * * ' 

Character code register #'F * * * ' 

Busy flag 



(R/W=0) 
(R/W=0) 

#»E* * *' or #'F* * *' (R/W=l) 
*: don't care 
#": hexadecimal 



HP 6800 (MPU) 



AB15 
ABU 
AB13 

VMA 
AB12 

R/W 
42 

DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 



CS3 
CS2 
CS1 
CSO 
RSO 
R/W 
E 

DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 



HD43160AH 



Figure 3 HD6800 Interface 
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2. Example of display program 



Read Busy flag 
from # 'E***' 
or # 'F***' 



Bit 7 = 1 ? 



Y: Busy 



Check Busy or Ready 



N: Ready 





f RSO = Low 


or Inst, 




f RSO = High 


Write Inst, code 
to #'E***' 




Write Charact. code 
to #'F***' 













V 



Figure 4 Display Program Example 



3. Time length of Busy 



Busy 
(Internal) 



write Inst, or Charact. code 



— T * 



■busy • 

Operation start 



c 



operation end 





T busy 




min 


Max 


Unit 


Display clear 


400 

fcp 


410 

fcp 


s 


Other function 


10 


20 


s 




fcp 



Figure 5 Busy timing 



HD43160AH begins the operation from the 

rising edge of E (Figure 5). 

Instruction code register and character code 



register latch the data on DBO— DB7 at the 
falling edge of E. 
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4. Timing chart 



Write sequence 
(MPU-+HD43160AH) 

' kYC 

h 

I PwEL j PwEH 



cso 

to 

CS3 
RSO 



R/W 



DBO 
to 

DB7 



I 

r 

E 



t A s lt D Dwl 



II t H 



I 

1 



Write 



Inst. 

charact. 

code 



Read sequence 
(MPU^HD43160AH) 



tcYC 



PwEH 



Us 



. *DDR i 



CSO 
to 
CS3 
RSO 



R/W 



DB7 



L 



Read 



t 



Busy 
ready 



Figure 6 HD6800 Interface Timing 



5. Timing characteristics 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Cycle time of E 




tcyc 


1.0 






MS 


Pulse width of E 


High level 


FWeh 


0.45 




25 


MS 




Low level 


FWel 


0.45 






MS 


Set up time of CS 


Write 


tAS 


140 






ns 


Data delay time 


Write 


tDDW 






225 


ns 




Read 


tDDR 






300 


ns 


Hold time 




tH 


10 






ns 
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6. Example 2 Interface to 8085A (Intel) 





S1 




IO/M 




RD 




WR 




A15 




A14 




A13 




A12 


8085A 




(MPU) 






ALE 




CLK 




READY 




ADO 




to 




AD7 



— fco- 



D Q 




D Q 


CLK q 




CLK Q 


CLR U 







R/W 
CS3 



CS2 
CS1 
CSO 
RSO 



HD43160AH 



DBO 
to 

DB7 



Figure 7 8085A Interface 



7. Timing chart 



CLK 



IO/M, S1 "r 
A12 A15 



ALE 



RD, WR 



READY 



T1 



12 



r 



T4 



Figure 8 8085A Timing 



Pulse widths of RD and WR signals of the 
8085A are 400 ns min, while the pulse width 
of the E signal of the HD43160AH is 450 ns 



min (Figure 8). 

Therefore, in this example, RD and WR signal 
pulse widths are widened by the Twait cycle. 
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Display Commands 

Display Control Instructions 

These instructions should be written into the 
instruction register of HD43160AH by the 
microcomputer. (RSO = Low, R/W = Low) 



1. Display clear 
MSB 

Code: 



LSB 



Operation: The screen is cleared and the 
cursor returns to the 1st digit. 



2. Cursor return 
MSB 

Code: 



LSB 



Operation: The cursor returns to the 1st 
digit and the characters being 
displayed do not change. 



3. Cursor on/off 
MSB 

Code: 



LSB 



(On) 



1 (Off) 



Operation: The cursor appears (on) or dis- 
appears (off). 



4. Set cursor position 



MSB 



LSB 



Code: 



1 line 


1 


(N — 1) binary 


2 lines 


upper 


1 





(n — 1) binary 


lower 


1 


1 


(m - 1) binary 



N, n, m: digit number 



Operation: The cursor moves to the Nth 
(nth, mth) digit. 
N ^ the total character number 
n, m ^ 1/2 total character 
number 
ex 1: 1 line 

Set the cursor at digit 55. The 
code is 10110110. 
ex 2: 2 lines 

Set the cursor at digit 35 of 

upper or lower line. 

The code is 10100010 (upper). 

11100010 (lower). 



Display Character Command 

When the character code is written into the 
character register of HD43160AH, the char- 
acter with thiscode appears where the cursor 
wasdisplayed and the cursor moves to the 
next digit. (RSO = High, R/W = Low) 



M$B 



code: 



_L 



(Character code) 



5 



ex. 1 



before ABCD 
after 



ABCDE 



Read Busy Flag 

When CS0-CS3 = High, R/W = High and E 
= High (RSO = 'don't care'), the Busy/Ready 
signal appears on DB7. 

DB 7 High: Busy 
Low: Ready 



Table 1 Time Length of Busy (oscilla- 
tion frequency = 200 kHz) 





Min 


Max 


Unit 


Display clear 


2.0 


2.05 


ms 


Other operations 


50 


100 


us 



(depends on the operating frequency) 
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Interface to External ROM 

1. Example 



Character 
code 

HD43160AH 



Row 
code 



(LSB XO 
X1 
X2 
X3 
X4 
X5 
X6 
MSB X7 
XSB YO 
Y1 
Y2 

MSB Y3 
M 
01 
02 
03 
04 
05 
ROMS 



Address 



External 
ROM 



Data 



ROMS 
1 : Ext. 
0: Int. 

*M is used as the 
precharge signal for 
dynamic ROM if nec- 
essary. 



Figure 9 Interface to External ROM 



2. Row code 



Row code 

0102 03 04 05 Y3 Y2 Y1 YO 



(Cursor) 

























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 



Row code 

0102 0304 05 Y3 Y2 Y1 YO 



(Cursor) 

























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 











1 








1 


1 





1 





1 





1 


1 



5x7+ Cursor 5x11 + Cursor 



Figure 10 Row Code 
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3. Timing chart 



CL2 



X0-X7 
Y0-Y3 



i 



01-05 
ROMS 



r 



Effective data 



MAX- 



Figure 11 Display Timing 



Interface to LCD Drivers 

1. Example 



Common 
signals 



FLM 
D 

HD43160AH CL1 
CL2 
M 



Liquid crystal display 



Segment signals 



Y21-Y40 Y1-Y20 
V1-V6 
FCS 
SHU 
SHL2 

DL1 DR1 
DL2 

DR2 CL1 CL2 M 



HD44100H 



Y1 


-Y40 


V1-V6 




FCS 




SHL1 


HD44100H 


SHL2 


DL1 




DR1 




DL2 CL1 


CL2 M DR2 



Figure 12 Interface to HD44100H 
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2. Waveforms (5x7 + Cursor 1 line) 



81 234567812 




rL 


TJiLnjtrui_... r tjnj~L 


rut 


i 5 


1 1 2 1 3 1 4 1 5 


j i 3 1 4 1 * 












One row of a character 


One row of 80 characters (400 dots) 



Figure 13 Timing 
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Dot Matrix Liquid Crystal Display 
System 




Figure 14 Typical Application 5X7 + Cursor, 2 Lines, 40 Characters 
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HD44780U (LCD-II) 

(Dot Matrix Liquid Crystal Display 
Controller/Driver) 



Description 

The HD44780U dot-matrix liquid crystal display 
controller and driver LSI displays alphanumerics, 
Japanese kana characters, and symbols. It can be 
configured to drive a dot-matrix liquid crystal 
display under the control of a 4- or 8-bit 
microprocessor. Since all the functions such as 
display RAM, character generator, and liquid 
crystal driver, required for driving a dot-matrix 
liquid crystal display are internally provided on 
one chip, a minimal system can be interfaced with 
this controller/driver. 

A single HD44780U can display up to one 
8-character line or two 8-character lines. 

The HD44780U has pin function compatibility 
with the HD44780S which allows the user to 
easily replace an LCD-II with an HD44780U. The 
HD44780U character generator ROM is extended 
to generate 208 5 x 8 dot character fonts and 32 
5 x 10 dot character fonts for a total of 240 
different character fonts. 

The low power supply (2.7 V to 5.5 V) of the 
HD44780U is suitable for any portable battery- 
driven product requiring low power dissipation. 



Features 

• 5x8 and 5 x 10 dot matrix possible 

• Low power operation support: 

— 2.7to5.5V 

• Wide range of liquid crystal display driver 
power 

— 3.0 to 11 V 

• Liquid crystal drive waveform 

— A (One line frequency AC waveform) 

• Correspond to high speed MPU bus interface 

— 2 MHz (when V cc = 5 V) 

• 4-bit or 8-bit MPU interface enabled 



• 80 x 8-bit display RAM (80 characters max.) 

• 9,920-bit character generator ROM for a total 
of 240 character fonts 

— 208 character fonts (5x8 dot) 

— 32 character fonts (5 x 10 dot) 

• 64 x 8-bit character generator RAM 

— 8 character fonts (5x8 dot) 

— 4 character fonts (5x10 dot) 

• 16-common x 40-segment liquid crystal 
display driver 

• Programmable duty cycles 

— 1/8 for one line of 5 x 8 dots with cursor 

— 1/1 1 for one line of 5 x 10 dots with cursor 

— 1/16 for two lines of 5 x 8 dots with cursor 

• Wide range of instruction functions: 

— Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

• Pin function compatibility with HD44780S 

• Automatic reset circuit that initializes the 
controller/driver after power on 

• Internal oscillator with external resistors 

• Low power consumption 



Ordering Information 



Type No. 


Package 


CG ROM 


HD44780UA00FS 


FP-80B 


Japanese 


HCD44780UA00 


Chip 


standard font 


HD44780UA00TF* 


TFP-80 




HD44780UA01FS* 


FP-80B 


Standard font 


HD44780UA02FS* 


FP-80B 


for communica- 






tion, European 






standard font 


HD44780UBxxFS 


FP-80B 


Custom font 


HCD44780UBxx 


Chip 




HD44780UBxxTF 


TFP-80 





Note: * Under development xx: ROM code No. 
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HD44780U Block Diagram 



osc, osc 2 



GND 



Character 




Character 


generator 




generator 


RAM 




ROM 


(CG RAM) 




(CG ROM) 


64 bytes 




9,920 bits 



/'5 



Vcc 



Cursor 
and 
blink 
controller 



/5 



Parallel/serial converter 
and 
attribute circuit 



TTXTT 

v 1 v 2 v 3 v 4 v 5 



COMi to 
COM 16 




SEG-i to 
SEG 40 
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LCD-II Family Comparison 

HD66780 



Item 


HD44780S 


(LCD-II/A) 


HD44780U 


Power supply voltage 


5 V±10% 


5 V±10% 


2.7 to 5.5 V 


Liquid crystal drive 1/4 bias 


3.0 to 11.0 V 


3.0 V to V cc 


3.0 to 11.0 V 


voltage V LCD < /ck ; oe . 
L 1/5 bias 


4.6 to 11.0 V 


3.0 V to Vcc 


3.0 to 11.0 V 


Maximum display 
digits per chip 


1 6 digits 

(8 digits x 2 lines) 


1 6 digits 

(8 digits x 2 lines) 


16 digits 

(8 digits x 2 lines) 


Display duty cycle 


1/8, 1/11, and 1/16 


1/8, 1/11, and 1/16 


1/8, 1/11, and 1/16 


CGROM 


7,200 bits 

(160 character fonts 
for 5 x 7 dot and 
32 character fonts 
for5x10dot) 


12,000 bits 

(240 character fonts 

for 5 x 1 dot) 


9,920 bits 

(208 character fonts for 
5 x 8 dot and 
32 character fonts for 
5x10 dot) 


CGRAM 


64 bytes 


64 bytes 


64 bytes 


DDRAM 


80 bytes 


80 bytes 


80 bytes 


Segment signals 


40 


40 


40 


Common signals 


16 


16 


16 


Liquid crystal drive waveform 


A 


B 


A 


Oscillator Clock source 


External resistor, 
external ceramic 
filter, or external 
clock 


External resistor, 
external ceramic 
filter, or external 
clock 


External resistor or 
external clock 


R f oscillation 
frequency (frame 
frequency) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


270 kHz ±30% 

(59 to 110 Hz for 1/8 

and 1/16 duty cycles; 

tn fin W-7 fnr 1/11 

*fo 10 ou nz Tor \i ■ i 
duty cycle) 


Rf resistance 


91 kQ±2% 


82kfl±2% 


91kft±2% 
(when V C c * 5 V) 
75kft±2% 
(when V cc = 3 V) 


Instructions 


Fully compatible within the HD44780S 




CPU bus timing 


1 MHz 


2 MHz 


1 MHz (when V cc - 3 V) 

2 MHz (when V cc - 5 V) 


Package 


FP-80 


FP-80B 


FP-80B 
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HD44780U Pin Arrangement 



SEG22LI 

SEG21 uc 
SEG20U 

SEG 19 Gl 
SEG 18 [L 
SEG 17 |ir 

seg 16 [7; 

SEG 15 [T 
SEG 14 [T 
SEG 13 [To 
SEG 12 [±L 
SEG^QI 
SEG 10 Qi 
SEGgUi 
SEG 8 [T5 
SEG 7 [|£ 
SEG 6 Q7 
SEG 5 [i8 
SEG 4 []i 
SEG3H0 

SEG 2 [H 
SEG^ 
GND[|3 



ooooaooooooooooo 

UUUJUJUJUJLULiJLLILULIJIiJLJJUJUJLiJUJ 
COCOCOCOCOCOCOCOCOCOCOCOCOCOCOCO 



n 



fp-8ob 

(top view) 



LU 



LO T CNJ O ' 



CM t- CM CO . 

CO o o > 

o 



Q CO I 

CC 1 



m go 
q a 



J SEG39 
]SEG 40 
]COM 16 
]COM 15 
]COM 14 
]COM 13 
]COM 12 
jcOMn 
]COM 10 
]COM 9 
]COM 8 
]COM 7 
]COM 6 
]COM 5 
]COM 4 
]COM 3 
]COM 2 
]COM 1 
]DB 7 
]DB 6 
]DB 5 
]DB 4 
)DB 3 
lDB 2 
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HD44780U Pad Arrangement 



Chip size: 4.90 x 4.90 mm 2 
Coordinate: Pad center (Mm) 
Origin: Chip center 
Pad size: 114x1 14 pm 2 



> 1 80 



□□□□□□□□□□□□□□□□ 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 



Type code 



HD44780U 



23 



□ □ 
JZ1D □□□□□□□□□□□□□□□□ □ 



63 



42 
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HCD44780U Pad Location Coordinates 



Coordinate Coordinate 



Pad No. 


Function 


X(um) 


Y (urn) 


Pad No. 


Function 


X(um) 


Y (urn) 


1 


SEG22 


-2100 


2313 


41 


DB 2 


2070 


-2290 


2 


SEG 21 


-2280 


2313 


42 


DB 3 


2260 


-2290 


3 


SEG20 


-2313 


2089 


43 


DB 4 


2290 


-2099 


4 


SEG 19 


-2313 


1833 


44 


DB 5 


2290 


-1883 


5 


SEG 18 


-2313 


1617 


45 


DB 6 


2290 


-1667 


6 


SEG 17 


-2313 


1401 


46 


DB 7 


2290 


-1452 


7 


SEG 16 


-2313 


1186 


47 


COMi 


2313 


-1186 


8 


SEG 15 


-2313 


970 


48 


COM 2 


2313 


-970 


9 


SEG 14 


-2313 


755 


49 


COM3 


2313 


-755 


10 


SEG 13 


-2313 


539 


50 


COM4 


2313 


-539 


11 


SEG 12 


-2313 


323 


51 


COM5 


2313 


-323 


12 


SEG t1 


-2313 


108 


52 


COM 6 


2313 


-108 


13 


SEG 10 


-2313 


-108 


53 


COM 7 


2313 


108 


14 


SEGg 


-2313 


-523 


54 


COM 8 


2313 


323 


15 


SEG 8 


-2313 


-539 


55 


COMg 


2313 


539 


16 


SEG 7 


-2313 


-755 


56 


COM 10 


2313 


755 


17 


SEG 6 


-2313 


-970 


57 


COMn 


2313 


970 


18 


SEG 5 


-2313 


-1186 


58 


COM 12 


2313 


1186 


19 


SEG 4 


-2313 


-1401 


59 


COM 13 


2313 


1401 


20 


SEG 3 


-2313 


-1617 


60 


COM 14 


2313 


1617 


21 


SEG 2 


-2313 


-1833 


61 


COM 15 


2313 


1833 


22 


SEG 1 


-2313 


-2073 


62 


COM 16 


2313 


2095 


23 


GND 


-2280 


-2290 


63 


SEG40 


2296 


2313 


24 


OSC 1 


-2080 


-2290 


64 


SEG 39 


2100 


2313 


25 


OSC 2 


-1749 


-2290 


65 


SEGae 


1617 


2313 


26 


v, 


-1550 


-2290 


66 


SEG 37 


1401 


2313 


27 


v 2 


-1268 


-2290 


67 


SEG36 


1186 


2313 


28 


v 3 


-941 


-2290 


68 


SEG 35 


970 


2313 


29 


v 4 


-623 


-2290 


69 


SEG34 


755 


2313 


30 


v 5 


-304 


-2290 


70 


SEG 33 


539 


2313 


31 


CL, 


-48 


-2290 


71 


SEG 32 


323 


2313 


32 


CL 2 


142 


-2290 


72 


SEC*,, 


108 


2313 


33 


Vcc 


309 


-2290 


73 


SEG3Q 


-108 


2313 


34 


M 


475 


-2290 


74 


SEG^ 


-323 


2313 


35 


D 


665 


-2290 


75 


SEG 28 


-539 


2313 


36 


RS 


832 


-2290 


76 


SEG27 


-755 


2313 


37 


R/W 


1022 


-2290 


77 


SEG 26 


-970 


2313 


38 


E 


1204 


-2290 


78 


SEG 25 


-1186 


2313 


39 


DB 


1454 


-2290 


79 


SEG24 


-1401 


2313 


40 




1684 


-2290 


80 


SEG 23 


-1617 


2313 
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Pin Functions 



Signal 


No. of 
Lines 


I/O 


Device 

Interfaced with 


Function 


RS 


1 


I 


MPU 


Selects registers. 

0: Instruction register (for write) 

Busy flag: address counter (for read) 
1 : Data register (for write and read) 


R/W 


1 


I 


MPU 


Selects read or write. 

0: Write 

1:Read 


E 


1 


I 


MPU 


Starts data read/write 


DB 4 to DB 7 


4 


I/O 


MPU 


Four high order bidirectional tristate data bus 
pins. Used for data transfer and receive 
between the MPU and the HD44780U. 

DR-» ran hfi u<5Ari a hu<?\/ flan 

L/U7 vsGll 1 k/O UOvU CIO Ct vwwjf IIOIU. 


DB to DB 3 


4 


I/O 


MPU 


Four low order bidirectional tristate data bus 
pins, usea ior aaia iransier ana receive 
between the MPU and the HD44780U. These 
pins are not used during 4-bit operation. 


CL, 


1 





HD44100 


Clock to latch serial data D sent to the 
HD44100 driver 


CL 2 


1 





HD44100 


Clock to shift serial data D 


M 


1 





HD44100 


Switch signal for converting the liquid crystal 
drive waveform to AC 


D 


1 





HD44100 


Character pattern data corresponding to each 
segment signal 


COM! to COM 16 


16 





LCD 


Common signals that are not used are 
changed to non-selection waveforms. COMg 
to COM 16 are non-selection waveforms at 1/8 
duty factor and COM 12 to COM 16 are non- 
selection waveforms at 1/11 duty factor. 


SEG, to SEG 40 


40 





LCD 


Segment signals 


V 1 to V 5 


5 




Power supply 


Power supply for LCD drive 
Vcc-Vs-11 V(max) 


V cc , GND 


2 




Power supply 


Vcc:2.7Vto5.5V,GND:0 V 


OSC^ OSC2 


2 




Oscillation 

resistor 

clock 


When crystal oscillation is performed, a 
resistor must be connected externally. When 
the pin input is an external clock, it must be 
input to OSC v 
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Function Description 
Registers 

The HD44780U has two 8-bit registers, an 
instruction register (IR) and a data register (DR). 

The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can only be 
written from the MPU. 

The DR temporarily stores data to be written into 
DD RAM or CG RAM and temporarily stores data 
to be read from DD RAM or CG RAM. Data 
written into the DR from the MPU is automatically 
written into DD RAM or CG RAM by an internal 
operation. The DR is also used for data storage 
when reading data from DD RAM or CG RAM. 
When address information is written into the IR, 
data is read and then stored into the DR from DD 
RAM or CG RAM by an internal operation. Data 
transfer between the MPU is then completed when 
the MPU reads the DR. After the read, data in DD 
RAM or CG RAM at the next address is sent to 
the DR for the next read from the MPU. By the 
register selector (RS) signal, these two registers 
can be selected (table 1). 



Busy Flag (BF) 

When the busy flag is 1, the HD44780U is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = and R/W = 1 
(table 1), the busy flag is output to DB7. The next 
instruction must be written after ensuring that the 
busy flag is 0. 

Address Counter (AC) 

The address counter (AC) assigns addresses to 
both DD RAM and CG RAM. When an address 
of an instruction is written into the IR, the address 
information is sent from the IR to the AC. 
Selection of either DD RAM or CG RAM is also 
determined concurrently by the instruction. 

After writing into (reading from) DD RAM or CG 
RAM, the AC is automatically incremented by 1 
(decremented by 1). The AC contents arejhen 
output to DB to DB 6 when RS = and R/W = 1 
(table 1). 



Table 1 


Register Selection 


RS 


R/W 


Operation 








IR write as an internal operation (display clear, etc.) 





1 


Read busy flag (DB 7 ) and address counter (DB to DB 6 ) 


1 





DR write as an internal operation (DR to DD RAM or CG RAM) 


1 


1 


DR read as an internal operation (DD RAM or CG RAM to DR) 
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Display Data RAM (DD RAM) 

Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its extended 
capacity is 80 x 8 bits, or 80 characters. The area 
in display data RAM (DD RAM) that is not used 
for display can be used as general data RAM. See 
figure 1 for the relationships between DD RAM 
addresses and positions on the liquid crystal 
display. 

The DD RAM address (A DD ) is set in the address 
counter (AC) as hexadecimal. 

• l-line display (N = 0) (figure 2) 

— Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD44780, 8 characters are displayed. 
See figure 3. 



— Case 2: For a 16-character display, the 
HD44780 can be extended using one 
HD44100 and displayed. See figure 4. 

When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 4. 

— Case 3: The relationship between the 
display position and DD RAM address 
when the number of display digits is 
increased through the use of two or more 
HD44100s can be considered as an 
extension of case #2. 

Since the increase can be eight digits per 
additional HD44100, up to 80 digits can be 
displayed by externally connecting nine 
HD44100s. See figure 5. 



When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 3. 



Low order 



AC 

(hexadecimal) 



«* — bits — ■> 


bits 


AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


ACQ 



Example: DD RAM address 4E 



1 








1 


1 


1 






Figure 1 DD RAM Address 



Display position 
(digit) 1 


2 


3 


4 


5 


79 


80 


DD RAM 


00 


01 


02 


03 


04 




4E 


4F 




address 






(hexadecimal) 

















Figure 2 1-Line Display 
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Disolav 
position 


1 2 3 4 5 6 7 8 


DD RAM 
address 


00 


01 


02 


03 


04 


05 


06 


07 






For 

shift left 


01 


02 


03 


04 


05 


06 


07 


08 








For 

shift right 


4F 


00 


01 


02 


03 


04 


05 


06 







Figure 3 1-Line by 8- Character Display Example 



Display 

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

DD RAM 

address 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


0E 


OF 



HD44780 display H D441 00 display 



For 

shift left 
For 

shift right 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 




4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 



Figure 4 1-Line by 16-Character Display Example 



Display 

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

DD RAM 
address 



73 74 75 76 77 78 79 80 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 




48 


49 


4A 


4B 


4C 


*D 


4E 


4F 



HD44780 display 



1st HD44100 2nd to 8th HD44100 
display display 



V 

9th HD44100 
display 



Figure 5 1-Line by 80-Character Display Example 
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• 2-line display (N = 1) (figure 6) 

Case 1: When the number of display 
characters is less than 40 x 2 lines, the two 
lines are displayed from the head. Note 
that the first line end address and the 
second line start address are not 



consecutive. For example, when just the 
HD44780 is used, 8 characters x 2 lines are 
displayed. See figure 7. 

When display shift operation is performed, 
the DD RAM address shifts. See figure 7. 



Display 



position 


1 


2 


3 


4 


5 


39 


40 


DD RAM 


00 


01 


02 


03 


04 




26 


27 


address 


















(hexadecimal) 


40 


41 


42 


43 


44 




66 


67 



Figure 6 2-Line Display 



Display 
position 


1 2 3 4 5 6 7 8 




DD RAM 
address 


00 


01 


02 


03 


04 


05 


06 


07 




40 


41 


42 


43 


44 


45 


46 


47 








For 

shift left 


01 


02 


03 


04 


05 


06 


07 


08 




41 


42 


43 


44 


45 


46 


47 


48 








For 

shift right 


27 


00 


01 


02 


03 


04 


05 


06 




67 


40 


41 


42 


43 


44 


45 


46 









Figure 7 2-Line by 8-Character Display Example 
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— Case 2: For a 16-character x 2-line display, 
the HD44780 can be extended using one 
HD44100. See figure 8. 

When display shift operation is performed, 
the DD RAM address shifts. See figure 8. 

— Case 3: The relationship between the 
display position and DD RAM address 



when the number of display digits is 
increased by using one HD44780U and 
two or more HD44100s, can be considered 
as an extension of case #2. See figure 9. 

Since the increase can be 8 digits x 2 lines 
for each additional HD44100, up to 
40 digits x 2 lines can be displayed by 
externally connecting four HD44100s. 



Display 

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

DD RAM 
address 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


0E 


OF 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 



Y Y 
HD44780U display HD441 00 display 



For 

shift left 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


OD 


OE 


OF 


10 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 



For 

shift right 



27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 



Figure 8 2-Line by 16-Character Display Example 



Display 

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 



address 



HD44780U display 1 st HD441 00 
display 



33 34 35 36 37 38 39 40 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 




20 


21 


22 


23 


24 


25 


26 


27 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 




60 


61 


62 


63 


64 


65 


66 


67 



2nd and 3rdHD44100 
display 



~V 

4th HD44100 
display 



Figure 9 2-Line by 40-Character Display Example 
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Character Generator ROM (CG ROM) 

The character generator ROM generates 5 x 8 dot 
or 5 x 10 dot character patterns from 8 -bit 
character codes (table 4). It can generate 
208 5 x 8 dot character patterns and 32 5 x 10 dot 
character patterns. User-defined character patterns 
are also available by mask-programmed ROM. 

Character Generator RAM (CG RAM) 

In the character generator RAM, the user can 
rewrite character patterns by program. For 5x8 
dots, eight character patterns can be written, and 
for 5 x 10 dots, four character patterns can be 
written. 

Write into DD RAM the character codes at the 
addresses shown as the left column of table 4 to 
show the character patterns stored in CG RAM. 

See table 5 for the relationship between CG RAM 
addresses and data and display patterns. 

Areas that are not used for display can be used as 
general data RAM. 



Modifying Character Patterns 

• Character pattern development procedure 

The following operations correspond to the 
numbers listed in figure 10: 

1. Determine the correspondence between 
character codes and character patterns. 

2. Create a listing indicating the correspondence 
between EPROM addresses and data. 

3. Program the character patterns into the 
EPROM. 

4. Send the EPROM to Hitachi. 

5. Computer processing on the EPROM is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 

6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI proceeds at Hitachi. 
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Hitachi 



User 



Computer 
processing 






Create character 
pattern listing 







Evaluate 
character 
patterns 



No 




OK? 
pYes 



Art work 






Masking 










Trial 










Sample 









\ Sample 7 @ 
\ evaluation / ^ 




OK? 
rYes 



No 



Start ^ 



Determine 
character patterns 



Create EPROM 
address data listing 



Write EPROM 



EPROM -> Hitachi 



® 

® 
® 



Mass *\ 
production y 

Note: For a description of the numbers used in this figure, refer to the preceding page. 



Figure 10 Character Pattern Development Procedure 
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• Programming character patterns 

This section explains the correspondence 
between addresses and data used to program 
character patterns in EPROM. The 
HD44780U character generator ROM can 
generate 208 5 x 8 dot character patterns and 
32 5 x 10 dot character patterns for a total of 
240 different character patterns. 



— Character patterns 

EPROM address data and character pattern 
data correspond with each other to form a 
5 x 8 or 5 x 10 dot character pattern 
(tables 2 and 3). 



Table 2 Example of Correspondence between EPROM Address Data and Character Pattern 
(5x8 dots) 



EPROM Address 


Data 


An A 10 A 9 A 8 A 7 A 6 A 5 A 4 


A 3 


A 2 


Ai 


A 




o 3 


LSB 

2 O 






































1 





















1 










IMS 













1 


1 
















1 























1 





1 

















1 


1 





m 









1 1 1 





1 


1 


1 
















1 

























1 








1 
















1 





1 



















1 





1 


1 
















1 


1 






















1 


1 





1 
















1 


1 


1 



















1 


1 


1 


1 















Character code 



Cursor position 



Line 
position 



Notes: 1 . EPROM addresses A^ to A 3 correspond to a character code. 

2. EPROM addresses A 3 to A specify a line position of the character pattern. 

3. EPROM data 4 to O correspond to character pattern data. 

4. EPROM data 5 to 7 must be specified as 0. 

5. A lit display position (black) corresponds to a 1 . 

6. Line 9 and the following lines must be blanked with 0s for a 5 x 8 dot character fonts. 
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— Handling unused character patterns 

1. EPROM data outside the character pattern 
area: Always input Os. 

2. EPROM data in CG RAM area: Always 
input Os. (Input Os to EPROM addresses 00H 
toFFH.) 

3. EPROM data used when the user does not 
use any HD44780U character pattern: 

According to the user application, handled in 
one of the two ways listed as follows. 



i. When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit 
By not programing a character pattern, all 
of its bits become lit. (This is due to the 
EPROM being filled with Is after it is 
erased.) 

ii. When unused character patterns are 
programmed as Os: Nothing is displayed 
even if unused character codes are written 
into DD RAM. (This is equivalent to a 
space.) 



Table 3 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 10 dots) 



EPROM Address 



A^A^ A 9 A 8 A 7 A 6 A 5 A 4 A 3 A 2 k<i A 



10 10 10 
























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 











1 








1 


1 





1 





1 





1 


1 


1 


1 








1 


1 





1 


1 


1 


1 





1 


1 


1 


1 



Data 



LSB 

4 3 2 O 




Cursor position 



Character code Line 

position 

Notes: 1 . EPROM addresses A^ to A 3 correspond to a character code. 

2. EPROM addresses A 3 to Aq specify a line position of the character pattern. 

3. EPROM data 4 to O correspond to character pattern data. 

4. EPROM data O s to 7 must be specified as 0. 

5. A lit display position (black) corresponds to a 1 . 

6. Line 11 and the following lines must be blanked with 0s for a 5 x 1 dot character fonts. 
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Table 4 Correspondence between Character Codes and Character Patterns (ROM code: A00) 



4 Bits — ^ 


0000 


0001 


0010 


0011 


0100 

IT 

■J. 1 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


mo 


1111 


xxxxOOOO 


CG 
RAM 

0) 






FT 


p 

1 


\ 


p 

I 












■ 


*m*m 


h 


XXXXUUU1 






I 

■ 


1 


u 

1 1 


R 


=1 

■■3 


'=4 
i 






□ 


"p 




"HI 


m m 


H 




\°/ 




II 


2 


r_*i 


I'm 


h 

La 1 








r 


1 


"J 


• ■ 


F 


R 


XXXXUU 1 1 


v*f 




TT 


a | 


TT 


| 


|"". 

W 








1 




"X" 








XXXXU 1 uu 






* 

Hp 


4 


L." 


T 

1 


H 


t. 






■_ 


T 

JL 


■ 


1 


1 J 

r 




XXXXU 1 U 1 


(6) 




V 

■ ■ 


Fi 


E 


1 1 


iZi 








■ 


■ 1 


+ 


1 




■ ■ 

1 1 


aaaaU 1 1 U 


17\ 
V I 




Vm 




F 

i 


I.J 


f 

1 


i.. i 






=3 


tl 


MM 


3 


r"i 

h 




AAAAU I I 1 


(B) 




? 


1 


G 


hi 


g 


hi 








i 


■ 


-n 


n 
H 


TT 


AAAA 1 \J\J\J 


(A\ 
\ ■ ; 




t' 


g 


H 

1 1 


x 

i i 


h 

1 1 


■■ ■■ 






.4" 


n 

mm* 




\\ 


.r 


yyyyIOOI 

AAAA 1 V/w 1 


(2) 




■J 


urn* 


T 


v 

1 


■L 


y 








>[ 


j 


lb 


-1 


U 


AAAA IU 1 U 


(3) 






■ 






j 


JLmm 






T 


hJ 






— B — 

■J 


it 

l 


xxxxl 01 1 


(4) 




+ 


■ 


K 

1 ■ 


[ 

Im 


1 V 


/ 






1 


"tf 


t 


□ 




T=; 


xxxxl 1 00 


(5) 






< 


L 




1 


1 






t? 




31 


■7 


* 


FI 


xxxxi 1 01 


(6) 








M 


] 


p'l 


> 














t 


■ 
■ 


xxxxl 1 1 


(7) 




■ 


> 


N 




n 










t 






n 




xxxxl 111 


(8) 






V 

■ 







o 










y 




□ 


O 


I 



Note: The user can specify any pattern for character-generator RAM. 
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Table 4 Correspondence between Character Codes and Character Patterns (ROM code: A01) 



' — ^ Upper 4 
IfiSf 


0000 


0001 


0010 
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0101 


0110 


0111 


1000 
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B 
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P 
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■ 
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TI 
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# 
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c. 
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fj 
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F 


PI 
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T 


xxxx0100 
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D 

Im 
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d 
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n 
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T 

■Im 


k 

1 
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xxxx0101 
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Ji 
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V 
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■■ 


1 
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,^ 
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xxxxOI 1 
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a 


£■ 
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f, 


F 


U 


f 

.1 


i.J 

V 
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.". 

I J 

mfi 


■ 
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o 


7 


7 
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G 

—1 
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\ 
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t 
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■ 


4 
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■ 
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■ 
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■ 
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1 
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■ 
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I 
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■ 
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■ 
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■ 


IL 
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■ 

■ 
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■ 
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m 
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□ 
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■ 
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□ 

■■ml 


+f 


If 


xxxxl 100 


(5) 


£ 


? 


< 


L 


¥ 


1 


i 
i 


■"■ 
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Table 4 Correspondence between Character Codes and Character Patterns (ROM code: A02) 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



1000 
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□ 
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Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) 

For 5 x 8 dot character patterns 



Character Codes 
(DD RAM data) 



7 6 5 4 3 2 1 
High Low 



0000*000 



* 1 



* 1 1 1 



CG RAM Address 



5 4 3 
High 



2 1 
Low 







1 



1 1 1 



1 1 




1 

1 1 
1 1 1 



1 1 




1 1 




1 



1 

10 1 

1 1 

1 1 1 



Character Patterns 
(CG RAM data) 



7 6 5 4 3 2 1 



Low 



High 



i 








t 











* * *:ooooo 



lilo o oRl 
:o Tjoliio 

! | 

T 



: o o 

;0 



1 1 o 








* * ; o o o o o 



Character 
pattern (1) 



Cursor position 



Character 
* pattern (2) 



Cursor position 



Notes: 1 . Character code bits to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types). 

2. CG RAM address bits to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, at as the cursor display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits to 4 (bit 4 being at the left ). 

4. As shown table 5, CG RAM character patterns are selected when character code bits 4 to 7 
are all 0. However, since character code bit 3 has no effect, the R display example above 
can be selected by either character code 00H or 08H. 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
* Indicates no effect. 
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Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) (cont) 

For 5 x 1 dot character patterns 




Character 
pattern 



Cursor position 



Notes: 1 . Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types). 

2. CG RAM address bits to 3 designate the character pattern line position. The 1 1th line is 
the cursor position and its display is formed by a logical OR with the cursor. 

Maintain the 1 1th line data corresponding to the cursor display positon at as the cursor display. 
If the 1 1th line data is "1 "1 " bits will light up the 1 1th line regardless of the cursor presence. 
Since lines 1 2 to 16 are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 8 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4 to 7 are all 0. 
However, since character code bits and 3 have no effect, the P display example above 
can be selected by character codes 00H , 1 H , 08 H , and 09H . 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
* Indicates no effect. 
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Timing Generation Circuit 

The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM and CG RAM. RAM read 
timing for display and internal operation timing by 
MPU access are generated separately to avoid 
interfering with each other. Therefore, when 
writing data to DD RAM, for example, there will 
be no undesirable interferences, such as flickering, 
in areas other than the display area. This circuit 
also generates timing signals for the operation of 
the externally connected HD44100 driver. 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit consists of 
16 common signal drivers and 40 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 

The segment signal driver has essentially the same 
configuration as the HD44100 driver. Character 
pattern data is sent serially through a 40-bit shift 
register and latched when all needed data has 



arrived. The latched data then enables the driver 
to generate drive waveform outputs. The serial 
data can be sent to externally cascaded HD44100s 
used for displaying extended digit numbers. 

Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 

Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD44780U drives from the head display. The rest 
of the display, corresponding to latter addresses, 
are added with each additional HD44100. 

Cursor/Blink Control Circuit 

The cursor/blink control circuit generates the 
cursor or character blinking. The cursor or the 
blinking will appear with the digit located at the 
display data RAM (DD RAM) address set in the 
address counter (AC). 

For example (figure 11), when the address counter 
is 08H, the cursor position is displayed at DD 
RAM address 08H. 
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For a 1-line display 

Display position 
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Display position 
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cursor position 
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(hexadecimal) 




40 
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43 


44 


45 
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47 
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49 


4A 





cursor position 

Note: * The cursor or blinking appears when the address counter (AC) selects the character 
generator RAM (CG RAM). However, the cursor and blinking become meaningless. 
The cursor or blinking is displayed in the meaningless position when the AC is a CG RAM address. 



Figure 11 Cursor/Blink Display Example 
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Interfacing to the MPU 

The HD44780U can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 

• For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DB to DB 3 are disabled. The data transfer 
between the HD44780U and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB 4 to DB7) are transferred before 
the four low order bits (for 8-bit operation, 
DB to DB 3 ). 

The busy flag must be checked (one 
instruction) after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 

• For 8-bit interface data, all eight bus lines 
(DB to DB7) are used. 



Reset Function 

Initializing by Internal Reset Circuit 

An internal reset circuit automatically initializes 
the HD44780U when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 10 ms after Vcc rises to 
4.5 V. 

1. Display clear 

2. Function set: 

DL = 1; 8-bit interface data 

N = 0; 1 -line display 

F = 0; 5 x 8 dot character font 

3. Display on/off control: 
D = 0; Display off 

C = 0; Cursor off 
B = 0; Blinking off 

4. Entry mode set: 

I/D = 1; Increment by 1 
S = 0; No shift 

Note: If the electrical characteristics conditions 
listed under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD44780U. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 




db 5 ^ci^rxi^r^ ^ i )Oc7)r^ ^^ 

Instruction register (I R) I Busy flag (BF) and I Data register (DR) 
write 1 address counter (AC) 1 read 

read 



Figure 12 4-Bit Transfer Example 
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Instructions 
Outline 

Only the instruction register (IR) and the data 
register (DR) of the HD44780U can be controlled 
by the MPU. Before starting the internal operation 
of the HD44780U, control information is 
temporarily stored into these registers to allow 
interfacing with various MPUs, which operate at 
different speeds, or various peripheral control 
devices. The internal operation of the HD44780U 
is determined by signals sent from the MPU. 
These signals, which include register selection 
signal (RS), read/write signal (R/W), and the data 
bus (DB to DB 7 ), make up the HD44780U 
instructions (table 6). There are four categories of 
instructions that: 

• Designate HD44780U functions, such as 
display format, data length, etc. 

• Set internal RAM addresses 

• Perform data transfer with internal RAM 

• Perform miscellaneous functions 

Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 



auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD44780U RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 11) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 

When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 

Because the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is before sending another instruction from 
the MPU. 

Note: Be sure the HD44780U is not in the busy 
state (BF = 0) before sending an instruction 
from the MPU to the HD44780U. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 6 for the list of each instruc- 
tion execution time. 
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Table 6 Instructions 



Code 



Instruction RS R/W DB 7 DB 6 DB S DB 4 DB 3 DB 2 DB 1 DB Description 



Execution Time 
(max) (when f cp or 
fosc «• 270 kHz) 



Clear 
display 



1 Clears entire display and 15.2 ms 
sets DD RAM address in 
address counter. 



Return 
home 



Sets DD RAM address in 1 5.2 ms 
address counter. Also 
returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged. 



Entry 
mode set 



1 l/D S Sets cursor move direction 37\is 
and specifies display shift. 
These operations are 
performed during data 
write and read. 



Display 

on/off 

control 














1 D C 


B 


Sets entire display (D) 
on/off, cursor on/off (C), 
and blinking of cursor 
position character (B). 


37 u,s 


Cursor or 

display 

shift 














1 S/C R/L — 




Moves cursor and shifts 
display without changing 
DD RAM contents. 


37u.s 


Function 
set 














1 DL N F — 




Sets interface data length 
(DL), number of display 
lines (N), and character 
font (F). 


37 us 


Set CG 

RAM 

address 











1 


A CG A CG A CG A CG A CG A CG 


Sets CG RAM address. 
CG RAM data is sent and 
received after this setting. 


37\xs 


Set DD 

RAM 

address 








1 


Add 


A DD A DD A DD A DD A DD 


A DD 


Sets DD RAM address. 
DD RAM data is sent and 
received after this setting. 


37 us 


Read busy 





1 


BF 


AC 


AC AC AC AC AC 


AC 


Reads busy flag (BF) 


us 



flag & indicating internal operation 

address is being performed and 

reads address counter 
contents. 
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Table 6 Instructions (cont) 













Execution Time 








Code 




(max) (when f cp or 


Instruction 


RS 


R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB 


Description 


f osc i« 270 kHz) 


Write data 


i 





Write data 


Writes data into DD RAM 


37ps 


to CG or 








or CG RAM. 


*ADD = 4 flS* 


DD RAM 












Read data 


1 


1 


Read data 


Reads data from DD RAM 37 us 


from CG or 








or CG RAM. 


*ADD = 4 US* 


DD RAM 














l/D 


= 1: 


Increment 


DD RAM: Display data 


Execution time 




l/D 


= 0: 


Decrement 


RAM 


changes when 




S 


= 1: 


Accompanies display shift 


CG RAM: Character 


frequency changes 




s/c 


= 1: 


Display shift 


generator RAM 


Example: 




s/c 


= 0: 


Cursor move 


A C g: CG RAM address 


When f^ or fosc 




R/L 


= 1: 


Shift to the right 


Aqd- dd ram address 


is 250 kHz, 




R/L 


= 0: 


Shift to the left 


(corresponds to 


270 




DL 


= 1: 


8 bits, DL = 0: 4 bits 


cursor address) 






N 


= 1: 


2 lines, N = 0: 1 line 


AC: Address counter 




F 


= 1: 


5x10 dots, F = 0: 5x8 dots 


used for both DD and 






BF 


= 1: 


Internally operating 


CG RAM addresses 






BF 


= 0: 


Instructions acceptable 







Note: — indicates no effect. 

* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1 . The RAM address counter is updated after the busy flag turns off. 
In figure 13, t ADD is the time elapsed after the busy flag turns off until the address counter is updated. 



Busy signal 
(D^ pin) 



Busy state 



Address counter 
(DB to DB 6 pins) 



X 



A+1 



*ADD 



Note: tADD depends on the operation frequency 
tADD - 1.5/(f cp orf sc) seconds 



Figure 13 Address Counter Update 
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Instruction Description 
Clear Display 

Clear display writes space code 20H (character 
pattern for character code 20H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. 

Return Home 

Return home sets DD RAM address into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 

The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). 

Entry Mode Set 

I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 

The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing 
and reading of CG RAM. 

S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1. The 
display does not shift if S is 0. 

If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM does not shift 
the display. 

Display On/Off Control 

D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
Dtol. 



C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font selection and 
in the 11th line for the 5 x 10 dot character font 
selection (figure 16). 

B: The character indicated by the cursor blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 409.6-ms intervals when 
f cp or f Q sc is 250 kHz. The cursor and blinking 
can be set to display simultaneously. (The 
blinking frequency changes according to fosc or 
the reciprocal of f cp . For example, when f^ is 
270 kHz, 409.6 x 250/270 = 379.2 ms.) 

Cursor or Display Shift 

Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 7). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. Note that 
the first and second line displays will shift at the 
same time. 

When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 

The address counter (AC) contents will not change 
if the only action performed is a display shift. 

Function Set 

DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DB ) when 
DL is 1, and in 4-bit lengths (DB 7 to DB 4 ) when 
DL is 0. 

When 4-bit length is selected, data must be sent or 
received twice. 

N: Sets the number of display lines. 



240 



HITACHI 



HD44780U 



F: Sets the character font 



Set CG RAM Address 



Note: Perform the function at the head of the Set CG RAM address sets the CG RAM address 



program before executing any instructions 
(except for the read busy flag and address 
instruction). From this point, the function 
set instruction cannot be executed unless 
the interface data length is changed. 



binary AAAAAA into the address counter. 

Data is then written to or read from the MPU for 
CG RAM. 
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DB 


Clear 
display 


Code 





























1 








RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DBj 


DBg 




DB 


Return 
home 


Code 


























1 


* 


Note: * Don't care. 
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Figure 14 
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Set DD RAM Address 

Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter. 

Data is then written to or read from the MPU for 
DD RAM. 

However, when N is (1-line display), 
AAAAAAA can be 00H to 4FH. When N is 1 
(2-line display), AAAAAAA can be 00H to 27H 
for the first line, and 40H to 67H for the second 
line. 



Read Busy Flag and Address 

Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out 
This address counter is used by both CG and DD 
RAM addresses, and its value is determined by the 
previous instruction. The address contents are the 
same as for instructions set CG RAM address and 
set DD RAM address. 



Table 7 Shift Function 



s/c 


R/L 










Shifts the cursor position to the left. (AC is decremented by one.) 





1 


Shifts the cursor position to the right. (AC is incremented by one.) 


1 





Shifts the entire display to the left. The cursor follows the display shift. 


1 


1 


Shifts the entire display to the right. The cursor follows the display shift. 



Table 8 Function Set 



N 


F 


No. of 

Display 

Lines 


Character 
Font 


Duty 
Factor 


Remarks 








1 


5x8 dots 


1/8 







1 


1 


5 x 10 dots 


1/11 




1 


♦ 


2 


5x8 dots 


1/16 


Cannot display two lines for 5 x 1 dot character font 



Note: * Indicates don't care. 
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I 



Cursor 




I 




5 x 8 dot 
character font 



5x10 dot 
character font 



Cursor display example 



Alternating display 
Blink display example 



Figure 16 Cursor and Blinking 
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Figure 17 
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Write Data to CG or DD RAM 

Write data to CG or DD RAM writes 8-bit binary 
data DDDDDDDD to CG or DD RAM. 

To write into CG or DD RAM is determined by 
the previous specification of the CG RAM or DD 
RAM address setting. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift. 

Read Data from CG or DD RAM 

Read data from CG or DD RAM reads 8-bit binary 
data DDDDDDDD from CG or DD RAM. 

The previous designation determines whether CG 
or DD RAM is to be read. Before entering this 
read instruction, either CG RAM or DD RAM 
address set instruction must be executed. If not 
executed, the first read data will be invalid. When 
serially executing read instructions, the next 
address data is normally read from the second 
read. The address set instructions need not be 



executed just before this read instruction when 
shifting the cursor by the cursor shift instruction 
(when reading out DD RAM). The operation of 
the cursor shift instruction is the same as the set 
DD RAM address instruction. 

After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed regardless of the entry 
mode. 

Note: The address counter (AC) is automatically 
incremented or decremented by 1 after the 
write instructions to CG RAM or DD RAM 
are executed. The RAM data selected by 
the AC cannot be read out at this time even 
if read instructions are executed. Therefore, 
to correctly read data, execute either the 
address set instruction or cursor shift 
instruction (only with DD RAM), then just 
before reading the desired data, execute the 
read instruction from the second time the 
read instruction is sent. 
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Figure 18 
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Interfacing the HD44780U 
Interface to MPUs 

• Interfacing to an 8-bit MPU through a PI A 

See figure 20 for an example of using a PIA or 
I/O port (for a single-chip microcomputer) as 
an interface device. The input and output of 
the device is TTL compatible. 



In this example, PB to PB7 are connected to 
the data bus DB tt^DB 7 , and PAn to PA 2 are 
connected to E, R/W, and RS, respectively. 

Pay careful attention to the timing relationship 
between E and the other signals when reading 
or writing data using a PIA for the interface. 



RS 
R/W 



Internal 
operation 

DB 7 




Functioning 




Not 



77 X^ry 7772 Busy V/////^ \77777>^/777>r ^rW77, 



Instruction 
write 



Busy flag 
check 



Busy flag 
check 



Busy flag 
check 



Instruction 
write 



Figure 19 Example of Busy Flag Check Timing Sequence 
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Figure 20 Example of Interface to HD68B00 Using PIA (HD68B21/HD63B21) 
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Figure 21 8-Bit MPU Interface 
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Figure 22 H8/325 Interface (Single-Chip Mode) 
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Figure 23 HD6301 Interface 
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Interfacing to a 4-bit MPU 

The HD44780U can be connected to the I/O 
port of a 4-bit MPU. If the I/O port has 
enough bits, 8-bit data can be transferred. 
Otherwise, one data transfer must be made in 
two operations for 4-bit data. In this case, the 
timing sequence becomes somewhat complex. 
(See figure 24.) 



See figure 25 for an interface example to the 
HMCS4019R. 

Note that two cycles are needed for the busy 
flag check as well as for the data transfer. The 
4-bit operation is selected by the program. 
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Note: * IR7, IR3 are the 7th and 3rd bits of the instruction 
AC3 is the 3rd bit of the address counter 



Figure 24 Example of 4-Bit Data Transfer Timing Sequence 



HMCS4019R 



D15 
D13 



R 10 to R 



13 



HD44780 



RS 

R/W 

E 


COM1 to 
COM 16 


DB 4 to DB 7 


SEG1 to 


SEG40 



16 



40 



LCD 



Figure 25 Example of Interface to HMCS4019R 
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Interface to Liquid Crystal Display 

Character Font and Number of Lines: The 
HD44780U can perform two types of displays, 5 x 
8 dot and 5 x 10 dot character fonts, each with a 
cursor. 

Up to two lines are displayed for 5 x 8 dots and 
one line for 5 x 10 dots. Therefore, a total of three 



types of common signals are available (table 9). 

The number of lines and font types can be selected 
by the program. (See table 6, Instructions.) 

Connection to HD44780 and Liquid Crystal 
Display: See figure 26 for the connection 
examples. 



Table 9 Common Signals 



Number of Lines 


Character Font 


Number of Common Signals 


Duty Factor 


1 


5x8 dots + cursor 


8 


1/8 


1 


5x10 dots + cursor 


11 


1/11 


2 


5x8 dots + cursor 


16 


1/16 





HD44780 
COMi 

COM 8 
SEGi 



SEG 40 

Example of a 5x8 dot, 8-character x 1-line display (1/4 bias, 1/8 duty cycle) 
HD44780 

comi — m i l urn i 

comh :~::::~::.:zz: zz 

SEGi ' I 

SEG 40 ; — ' 

Example of a 5 x10 dot, 8-character x 1-line display (1/4 bias, 1/1 1 duty cycle) 

Figure 26 Liquid Crystal Display and HD44780 Connections 
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Since five segment signal lines can display one 
digit, one HD44780U can display up to 8 digits for 
a 1-line display and 16 digits for a 2-line display. 

The examples in figure 26 have unused common 
signal pins, which always output non- 



selection waveforms. When the liquid crystal 
display panel has unused extra scanning lines, 
connect the extra scanning lines to these common 
signal pins to avoid any undesirable effects due to 
crosstalk during the floating state (figure 27). 





HD44780 










COMi 














COM 8 
COM 9 






















COM16 
SEG1 


































SEG 40 














Example of a 5 x8 dot, 8-character x 2-line display (1/5 bias, 1/16 duty cycle) 



Figure 26 Liquid Crystal Display and HD44780 Connections (cont) 



HD44780 



COM1 

COM 8 
COM9 

SEG1 



SEG 40 



5x8 dot, 8-character x 1-line display (1/4 bias, 1/8 duty cycle) 



Figure 27 Using COM 9 to Avoid Crosstalk on Unneeded Scanning Line 
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Connection of Changed Matrix Layout: In the 
preceding examples, the number of lines 
correspond to the scanning lines. However, the 
following display examples (figure 28) are made 
possible by altering the matrix layout of the liquid 
crystal display panel. In either case, the only 
change is the layout. The display characteristics 



and the number of liquid crystal display characters 
depend on the number of common signals or on 
duty factor. Note that the display data RAM (DD 
RAM) addresses for 4 characters x 2 lines and 
for 16 characters x 1 line are the same as in 
figure 26. 



HD44780 

COMi — ^{{ j | J M l 
COM 8 

SEG 40 * 

COM 9 

COM16 

5x8 dot, 1 6-character x 1 -line display 
HD44780 (1/5 bias, 1/16 duty cycle) 

SEG1 | 

SEG20 ■ I 

COM1 - J t — 

COM 8 — -t Hill I - 



SEG21 T 
SEG 40 

5x8 dot, 4-character x 2-line display 
(1/4 bias, 1/8 duty cycle) 

Figure 28 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal 
Display Drive 

Various voltage levels must be applied to pins 
V 2 to V 5 of the HD44780U to obtain the liquid 
crystal display drive waveforms. The voltages 
must be changed according to the duty factor 
(table 10). 



v lcd is tne P eak value for the liquid crystal 
display drive waveforms, and resistance dividing 
provides voltages Vj to V5 (figure 29). 



Table 10 Duty Factor and Power Supply for Liquid Crystal Display Drive 

Duty Factor 





1/8, 1/11 


1/16 






Bias 


Power Supply 


1/4 


1/5 




Vcc-1/4V LCD 


Vcc-1/5V LCD 


v 2 


Vcc-1/2V LCD 


Vcc-2/5 V LCD 


v 3 


V C C-1/2V LCD 


V cc -3/5 V LCD 


v 4 


Vcc-3/4 V LCD 


Vcc-4/5 V LCD 


v 5 


V CC~ V LCD 


V CC~ V LCD 



v cc 



"*3 



'3 

v 4 



V CC (+5 V) 



1/4 bias 

(1/8, 1/11 duty cycle) 



Vlcd 





»cc v 


Vcc 






V1 






v 2 






v 3 






v 4 




v 5 





1/5 bias 

(1/16, duty cycle) 



: (+5 V) 



Vlcd 



Figure 29 Drive Voltage Supply Example 



HITACHI 



251 



HD44780U 



Relationship between Oscillation 
Frequency and Liquid Crystal Display 
Frame Frequency 

The liquid crystal display frame frequencies of frequency is 270 kHz (one clock pulse of 
figure 30 apply only when the oscillation 3.7 jus). 



1/8 duty cycle 



COM1 



Vi 

V 2 (V 3 ) 

v 4 



400 clocks 



- 1 frame - 





1 


2 | 3 | 4 I | 8 | 1 


2 

































































1 frame = 3.7 ps x 400 x 8 = 1 1850 us = 11 .9 ms 

Frame frequency = — - — =84.3 Hz 
11.9 ms 



1/11 duty cycle 



COM1 



V 2 (V 3 ) 



400 clocks 



- 1 frame - 



1 


2 | 3 | 4 | | 11 | 1 


2 I 
























































I 







1 frame = 3.7 us x 400 x 11 = 16300 ps = 16.3 ms 



Frame frequency = 



1 



16.3 ms 



= 61.4 Hz 



1/16 duty cycle 



COM1 
Vcc 
Vi 



200 clocks 



16 



- 1 frame - 



1 frame s 3.7 ps x 200 x 16 = 11850 ps = 1 1 .9 ms 

Frame frequency = — - — =84.3 Hz 
11.9 ms 
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Figure 30 Frame Frequency 
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Connection with HD44100 Driver 

By externally connecting an HD44100 liquid 
crystal display driver to the HD44780U, the 
number of display digits can be increased. The 
HD44100 is used as a segment signal driver when 
connected to the HD44780U. The HD44100 can 
be directly connected to the HD44780U since it 
supplies CL lt CL 2 , M, and D signals and power 
for the liquid crystal display drive (figure 31). 

Caution: The connection of voltage supply pins 
Vj through V 6 for the liquid crystal 
display drive is somewhat complicated. 



Up to nine HD44100 units can be connected for a 
1-line display (duty factor 1/8 or 1/11) and up to 
four units for a 2-line display (duty factor 1/16). 
The RAM size limits the HD44780U to a 
maximum of 80 character display digits. The 
connection method for both 1-line and 2-line 
displays or for 5 x 8 and 5 x 10 dot character fonts 
can remain the same (figure 26). 



COM,-COM 16 
(COM,-COM 8 ) 



SEGj^SEG*, 



CL, J— 
CL 2 
M 

v« 

GND 
V 2 
V 3 
V s 



Dot-matrix liquid crystal display panel 



DL, 



Y, Y, 



FCS 

SHL, HD44100 
SHU 



40 DR 2 

DL 2 

DR, 



OO 



< C5 < 

: Soffit 



he 



DL, Yl Y « 
FCS 

SHL, HD44100 
SHL 2 

PP, 

to & o Dm -» k> u * tx at 



DR; 
DL; 

DR, 



] E 



DL, Yl Y4t 


DR 2 


FCS 


DL 2 


SHL, HD44100 




SHL 2 


DR, 


OO < z<<< 4 






c«< 

« U 91 



] 



Figure 31 Example of Connecting HD44100s to HD44780 
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Instruction and Display Correspondence 

• 8-bit operation, 8-digit x 1-line display with 
internal reset 

Refer to table 11 for an example of an 
8-digit x 1-line display in 8-bit operation. The 
HD44780U functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, as explained before, the RAM 
can be used for displays such as for advertising 
when combined with the display shift 
operation. 

Since the display shift operation changes only 
the display position with DD RAM contents 
unchanged, the first display data entered into 
DD RAM can be output when the return home 
operation is performed. 

• 4-bit operation, 8-digit x 1-line display with 
internal reset 

The program must set all functions prior to the 
4-bit operation (table 12). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DB to DB3 are not 
connected, a rewrite is then required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 12). 
Thus, DB 4 to DB 7 of the function set 
instruction is written twice. 



• 8-bit operation, 8-digit x 2-line display 

For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be again set 
after the 8th character is completed. (See 
table 13.) Note that the display shift operation 
is performed for the first and second lines. In 
the example of table 13, the display shift is 
performed when the cursor is on the second 
line. However, if the shift operation is 
performed when the cursor is on the first line, 
both the first and second lines move together. 
If the shift is repeated, the display of the 
second line will not move to the first line. The 
same display will only shift within its own line 
for the number of times the shift is repeated. 

Note: When using the internal reset, the electrical 
characteristics in the Power Supply 
Conditions Using Internal Reset Circuit 
table must be satisfied. If not, the 
HD44780U must be initialized by 
instructions. See the section, Initializing 
by Instruction. 
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Table 11 8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset 



step Instruction 
No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Display Operation 



1 Power supply on (the HD44780U is initialized by 
the internal reset circuit) 



Initialized. No display. 



Function set 

1 1 



Sets to 8-bit operation and 
selects 1 -line display and 5x8 
dot character font. (Number of 
display lines and character 
fonts cannot be changed after 
step #2.) 



3 Display on/off control 

1 1 1 



Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 



4 Entry mode set 

000001 1 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



5 Write data to CG RAM/DD RAM 

1 001001000 



Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. 
The cursor is incremented by 
one and shifted to the right. 



6 Write data to CG RAM/DD RAM 

1 1 1 1 



HI 



Writes I. 



Write data to CG RAM/DD RAM 

1 1 1 
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Writes I. 



Entry mode set 





1 1 
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Sets mode to shift display at 
the time of write. 



1 Write data to CG RAM/DD RAM 

1 000100000 



ITACHI 



Writes a space. 
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Table 11 8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset (cont) 
Instruction 

Operation 



Step 



No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Display 



1 1 Write data to CG RAM/DD RAM 
1 1 1 



1 



1 



| TACHI M__ 



Writes M. 



12 



1 3 Write data to CG RAM/DD RAM 

1 1 1 1 1 



| MICROKO. 



Writes O. 



1 4 Cursor or display shift 

1 



MICROKO 



Shifts only the cursor position 
to the left. 



1 5 Cursor or display shift 

1 



| MICROKO 



Shifts only the cursor position 
to the left. 



1 6 Write data to CG RAM/DD RAM 

1 1 



ICROCO 



Writes C over K. 

The display moves to the left. 



1 7 Cursor or display shift 

1 



1 1 



I MICROCO 



Shifts the display and cursor 
position to the right. 



1 8 Cursor or display shift 

1 



MICROCO 



Shifts the display and cursor 
position to the right. 



19 Write data to CG RAM/DD RAM 

1 1 1 1 



I ICROCOM_ 



Writes M. 



20 



21 



Return home 





| HITACHI 



Returns both display and cursor 
to the original position 
(address 0). 
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Table 12 4-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset 



Instruction 



Step _ 
No. RS R/W DB 7 DB 6 DB 5 DB 4 



Display 



Operation 



1 Power supply on (the HD44780U is initialized by 
the internal reset circuit) 



Initialized. No display. 



Function set 




Sets to 4-bit operation. 
In this case, operation is 
handled as 8 bits by initializa- 
tion, and only this instruction 
completes with one write. 



Function set 





Sets 4-bit operation and selects 
1 -line display and 5 x 8 dot 
character font. 4-bit operation 
starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.) 



Display on/off control 



1110 



Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 



Entry mode set 



1 1 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



Write data to CG RAM/DD RAM 
10 10 
10 10 



EE 



Writes H. 

The cursor is incremented by 
one and shifts to the right. 



Note: The control is the same as for 8-bit operation beyond step #6. 
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Table 13 8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset 
Instruction 

Operation 



Step 



No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB t DB Display 



1 Power supply on (the HD44780U is initialized by 
the internal reset circuit) 



Initialized. No display. 



2 Function set 

1 1 1 * * 



Sets to 8-bit operation and 
selects 2-line display and 
5 x 8 dot character font. 



3 Display on/off control 

1 1 1 



Turns on display and cursor. 
All display is in space mode 
because of initialization. 



4 Entry mode set 

00000001 10 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



5 Write data to CG RAM/DD RAM 

100100 1 000 



7 Write data to CG RAM/DD RAM 

1 1 1 1 



Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. The cursor is 
incremented by one and shifted 
to the right. 
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Writes I. 



8 Set DD RAM address 

001 1 00000 



HITACHI 



Sets DD RAM address so that 
the cursor is positioned at the 
head of the second line. 



258 



HITACHI 



HD44780U 



Table 13 8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset (cont) 
Instruction 

Operation 



Step 



No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Display 



Write data to CG RAM/DD RAM 
1 1 1 1 



1 
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M 



Writes M. 



10 



1 1 Write data to CG RAM/DD RAM 

1 1 1 1 1 
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Writes O. 



12 Entry mode set 

1 1 1 
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Sets mode to shift display at 
the time of write. 



1 3 Write data to CG RAM/DD RAM 
1 1 1 1 



ITACHI 



ICROCOM 



Writes M. Display is shifted to 
the left. The first and second 
lines both shift at the same time. 



14 



15 Return home 

0000000010 
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Returns both display and cursor 
to the original position 
(address 0). 
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Initializing by Instruction 

If the power supply conditions for correctly Refer to figures 32 and 33 for the procedures on 

operating the internal reset circuit are not met, 8-bit and 4-bit initializations, respectively, 
initialization by instructions becomes necessary. 



Q Power on ^ 



Wait for more than 1 5 ms 
after Vqc rises to 4.5 V 






RS R/W DB 7 DBe DB 5 DB 4 DB 3 DBg OB, DBq 
00001 1 **** 







Wait for more than 40 ms 
after V cc rises to 2.7 V 



| BF cannot be checked before this instruction? 
Function set (interface is 8 bits long.) 



Wait for more than 4.1 ms 







RS R/W DB 7 DBe DB 5 DB 4 DB 3 DBg OB, DBq 
00001 1 * * * * 







I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



Wait for more than 100 us 







RS R/W DB7 DBq DB 5 
1 


DB 4 DB 3 DB2 DBi DBq 
1 * * * * 



BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



RS R/W DB7 DBe DB 5 
1 


DB 4 DB 3 DB2 DB 1 DBq 
1 N F * * 





10 





1 





1 l/D S 







Initialization ends 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 6.) 

Function set (Interface is 8 bits long. Specify the 
number of display lines and character font.) 
The number of display lines and character font 
cannot be changed after this point. 

Display off 

Display clear 

Entry mode set 
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Figure 32 8-Bit Interface 
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c 



Power on 



Wait for more than 15 ms 
after V cc rises to 4.5 V 



RS R/W DBy DBg DB5 DB 4 
1 1 



Wait for more than 4.1 ms 



RS R/W DB7 DBe DB5 DB 4 
1 1 



Wait for more than 100 us 



RS R/WDB7 



DBe DB 5 DB 4 
1 1 






RS R/W DB7 DBe DB5 DB 4 
1 





1 


N 


F * * 








1 














1 











1 l/D S 



Wait for more than 40 ms 
after V cc rises to 2.7 V 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction? 
Function set (Interface is & bits long.) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 6.) 



Initialization ends 



Function set (Set interface to be 4 bits long.) 
Interface is 8 bits in length. 

Function set (Interface is 4 bits long. Specify the 
number of display lines and character font.) 
The number of display lines and character font 
cannot be changed after this point. 

Display off 
Display clear 
Entry mode set 



Figure 33 4-Bit Interface 
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Absolute Maximum Ratings* 



Item 


Symbol 


Value 


Unit 


Notes 


Power supply voltage (1) 


VccrGND 


-0.3 to +7.0 


V 


1 


Power supply voltage (2) 


Vcc-V 5 


-0.3 to +13.0 


V 


1.2 


Input voltage 


v t 


-0.3 to V cc +0-3 


V 


1 


Operating temperature 


T opr 


-20 to +75 


°c 


3 


Storage temperature 


Tst 9 


-55 to +125 


°c 


4 



Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. 



DC Characteristics (V cc = 2.7 V to 4.5 V, T a = -20 to +75°C* 3 ) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Notes* 


Input high voltage (1 ) 
(except OSC,) 


V|H1 


0.7V CC 




Vcc 


V 




6 


Input low voltage (1) 
(except OSC^ 


V|L1 


-0.3 




0.55 


V 




6 


Input high voltage (2) 
(OSC!) 


V|H2 


0.7V CC 


— 


Vcc 


V 




15 


Input low voltage (2) 
(OSC,) 


V|L2 








0.2V CC 


V 




15 


Output high voltage (1 ) 
(DBo-DBy) 


V H1 


0.75V CC 






V 


-Iqh = 0-1 mA 


7 


Output low voltage (1) 
(DB -DB 7 ) 


V L1 






0.2V CC 


V 




7 


Output high voltage (2) 
(except DB -DB 7 ) 


V OH2 


0.8V CC 






V 


-Iqh = 0.04 mA 


8 


Output low voltage (2) 
(except DB -DB 7 ) 


VOL2 






0.2V CC 


V 


Iql ■ 0-04 mA 


8 


Driver on resistance 
(COM) 


R COM 






20 


kft 


±ld * 0.05 mA, 
V LCD = 4V 


13 


Driver on resistance 
(SEG) 


R SEG 






30 


kQ 


±ld = 0.05 mA, 
V LCD = 4V 


13 


Input leakage current 


»LI 


-1 




1 




V| N = 0to V cc 


9 


Pull-up MOS current 
(DB -DB 7 , RS, R/W) 


-lp 


10 


50 


120 


U.A 


V CC = 3V 




Power supply current 


•cc 




0.15 


0.30 


mA 


Rf oscillation, 
external clock 
Vcc - 3V, fosc = 


10, 14 

270 kHz 


LCD voltage 


V LCD1 


3.0 




11.0 


V 


Vcc-V 5 , 1/5 bias 


16 




V LCD2 


3.0 




11.0 


V 


V CC -V 5 , 1/4 bias 


16 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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AC Characteristics (V cc = 2.7 V to 4.5 V, T a = -20 to +75°C*3) 
Clock Characteristics 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Test Condition Note* 


External 


External clock frequency 


fcp 


125 


250 


350 


kHz 


11 


clock 
operation 


External clock duty 


Duty 


45 


50 


55 


% 




External clock rise time 


Vcp 






0.2 


U.S 






External clock fall time 


tap 






0.2 


U.S 




Rf 

oscillation 


Clock oscillation frequency 


*osc 


190 


270 


350 


kHz 


R f = 75kQ, 12 
V CC «3V 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 



Bus Timing Characteristics 
Write Operation 



Item Symbol 


Min 


Typ 


Max 


Enable cycle time 


1000 






Enable pulse width (high level) PW EH 


450 






Enable rise/fall time t Er , t Ef 






25 


Address set-up time (RS, R/W to E) t AS 


60 






Address hold time t AH 


20 






Data set-up time t DSW 


195 







Unit Test Condition 



ns Figure 34 



Data hold time tn 10 — — - 



Read Operation 

Item Symbol Min Typ Max Unit Test Condition 

Enable cycle time t^g 1000 — — ns Figure 35 



Enable pulse width (high level) 


PW EH 


450 — 




Enable rise/fall time 






25 


Address set-uptime (RS, R/W to E) 


tAS 


60 — 




Address hold time 


tAH 


20 — 




Data delay time 


tDDR 




360 


Data hold time 


tDHR 


5 — 
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Interface Timing Characteristics with External Driver 

Item Symbol Min Typ Max Unit Test Condition 

Clock pulse width High level t CWH 800 — — ns Figure 36 



Low level tcwL 800 



Clock set-up time 


*csu 


500 — 




Data set-up time 


tsu 


300 — 




Data hold time 


toH 


300 — 




M delay time 




-1000 — 


1000 


Clock rise/fall time 


tct 




200 



Power Supply Conditions Using Internal Reset Circuit 

Item Symbol Min Typ Max Unit Test Condition 

Power supply rise time t rCC 0.1 — 10 ms Figure 37 

Power supply off time toFF "* — — 
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DC Characteristics (Vqc = 


4.5 Vto5.5V,T a = 


-20to+75°C*3) 




Item 


Symbol 


Min 


iyp 


Max 


Unit 


Test Condition 


Notes* 


Input high voltage (1 ) 
(except OSC^ 


V|H1 


2.2 




Vcc 


V 




6 


Input low voltage (1) 
(except OSO,) 


V,L1 


-0.3 




0.6 


V 




6 


Input high voltage (2) 
(OSC,) 


V|H2 


Vcc-1.0 




Vcc 


V 




15 


Input low voltage (2) 
(QSC,) 


V|L2 






1.0 


V 




15 


Output high voltage (1 ) 
(DB -DB 7 ) 


V H1 


2.4 






V 


-Iqh = 0.205 mA 


7 


Output low voltage (1 ) 
(DB -DB 7 ) 


V L1 






0.4 


V 


l 0L » 1 .2 mA 


7 


Output high voltage (2) 
(except DB -DB 7 ) 


^OH2 


0.9 V cc 






V 


-Iqh ■ 0.04 mA 


8 


Output low voltage (2) 
(except DB -DB 7 ) 


V L2 


— 




0.1 V 


cc V 


l OL « 0.04 mA 


8 


Driver on resistance 
(COM) 


R COM 






20 


kn 


±ld - 0.05 mA, 
V LCD = 4V 


13 


Driver on resistance 
(SEG). 


RsEG 






30 


kn 


±ld m 0.05 mA, 
V LCD -4V 


13 


Input leakage current 




-1 


— 


1 


uA 


V| N = 0toV cc 


9 


Pull-up MOS current 
(DB -DB 7 , RS, R/W) 


-'p 


50 


125 


250 


uA 


V CC -5V 




Power supply current 


'cc 




0.35 


0.60 


mA 


R f oscillation, 
external clock 
Vcc = 5 V, f osc * 


10, 14 

270 kHz 


LCD voltage 


V LCD1 


3.0 




11.0 


V 


V cc-V 5 , 1/5 bias 


16 




V LCD2 


3.0 




11.0 


V 


V cc-V 5l 1/4 bias 


16 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 



AC Characteristics (V cc = 4.5 V to 5.5 V, T a = -20 to +75°C* 3 ) 
Clock Characteristics 

Item Symbol Min Typ Max Unit Test Condition Note* 



External External clock frequency f cp 125 250 350 kHz 11 

c,ock # . External clock duty Duty 45 50 55 % iT 
operation 1 _ : 

External clock rise time t rcp — — 0.2 u.s 11 
External clock fall time t fcp — — 0.2 jus 11 



R f Clock oscillation frequency f osc 190 270 350 kHz R f = 91kft 12 

oscillation Vcc 88 50 V 

Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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Bus Timing Characteristics 
Write Operation 

Item Symbol Min Typ Max Unit Test Condition 

Enable cycle time tcy cE 500 — — ns Figure 34 



Enable pulse width (high level) 


PW EH 


230 — 




Enable rise/fall time 


to. to 




20 


Address set-up time (RS, R/W to E) 


tAS 


40 — 




Address hold time 


tAH 


10 — 




Data set-up time 


*dsw 


80 — 





Data hold time t H 10 



Read Operation 

Item Symbol Min typ Max Unit Test Condition 

Enable cycle time tcy cE 500 — — ns Figure 35 



Enable pulse width (high level) 


PW EH 


230 






Enable rise/fall time 


to» to 






20 


Address set-up time (RS, R/W to E) 




40 






Address hold time 


tAH 


10 






Data delay time 








160 


Data hold time 


bHR 


5 







Interface Timing Characteristics with External Driver 

Hern Symbol Min Typ Max Unit Test Condition 

Clock pulse width High level tcwH 800 — — ns Figure 36 



Low level tcwL 800 



Clock set-up time 


tcsu 


500 — 




Data set-up time 




300 — 




Data hold time 


*DH 


300 — 




M delay time 


*DM 


-1000 — 


1000 


Clock rise/fall time 


tct 




100 



Power Supply Conditions Using Internal Reset Circuit 

Item Symbol Min Typ Max Unit Test Condition 

Power supply rise time t^c 0-1 — 10 ms Figure 37 

Power supply off time toFF 1 — "~ 
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Electrical Characteristics Notes 

1 . All voltage values are referred to GND = V. 

Vcc 



A = Vcc-V 5 
B-Vcc-V, 
A 2 1.5 V 
B < 0.25 x A 







B 




A 



The conditions of and V 5 voltages are for proper 
operation of the LSI and not for the LCD output level. 
The LCD drive voltage condition for the LCD output 
level is specified as LCD voltage V LCD . 



2. V cc > Vj > V 2 > V 3 > V 4 > V 5 must be maintained. 

3. For die products, specified up to 75°C. 

4. For die products, specified by the die shipment specification. 

5. The following four circuits are I/O pin configurations except for liquid crystal display output. 



Input pin 

Pin: E (MOS without pull-up) 



PMOS 




NMOS 



I/O Pin 

Pins: DB -DB 7 v, 
(MOS with pull-up) 



cc 



Pins: RS, R/W (MOS with pull-up) 
Vcc V cc . 



Output pin 

Pins: CL 1t CL2, M, D 



PMOS 



PMOS 



(pull up MOS) 




NMOS 



(pull-up MOS) 1 pMOS 

HP 



Vcc 

~T~ (input circuit) 
' PMOS 





Input enable 



(output circuit) 
(tristate) 



NMOS 



Output 
enable data 
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6. Applies to input pins and I/O pins, excluding the OSCi pin. 

7. Applies to I/O pins. 

8. Applies to output pins. 

9. Current flowing through pull-up MOSs, excluding output drive MOSs. 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 
level must be fixed high or low. 

11. Applies only to external clock operation. 



Oscillator 




osq 


Open 


OSCg 



0.7 V cc 
0.5 V cc 
0.3 V CC 



Duty - 




Th + Tl 

12. Applies only to the internal oscillator operation using oscillation resistor R f . 



~~ R f : 75 kQ. ± 2% (when V cc - 3 V) 

OSCl R f : 91 kfl ± 2% (when V cc - 5 V) 

Since the oscillation frequency varies depending on the OSC 1 and 

_ _ _ OSC 2 pin capacitance, the wiring length to these pins should be minimized. 

OSG? 
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13. Rcom i s the resistance between the power supply pins (Vcc» Vj, V 4 , V5) and each common 
signal pin (COM x to COM 16 ). 

Rseg * s me resistance between the power supply pins (Vcc» V 2 , V 3 , V5) and each segment signal pin 
(SEGi to SEG4o). 

14. The following graphs show the relationship between operation frequency and current consumption. 



V cc =5V V cc = 3V 




100 200 300 400 500 100 200 300 400 500 



f osc or f cp (kHz) f osc or f ^ (kHz) 

15. Applies to the OSCi pin. 

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (V cc , V lf V 2 , V 3 , V 4 , V 5 ) 
when there is no load. 
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Load Circuits 
Data Bus DB to DB 7 

ForV cc «4.5 to 5.5 V 
Test _ 



point 



r 



V CC -5V 
o 

^ 3.9 kfl 



90 pF 



:11 kfl 



IS2074® 
diodes 



77T 



External driver control signals: CL1, CL2, D, M 

Te ?» o 

point 



30 pF 



ForV cc «2.7to 4.5 V 

Test 
point O 

50 pF 



77T 
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Timing Characteristics 



RS 



R/W 



DB to DB 7 



X 



X 



f V IH i 




.v, L1 


V| L 1> 



tAS 



V,L1 



PW EH 



V,H1 
V,L1 



V,H1 
V,L1 



■tEr 



X 



tDSW 



\ 



tAH 



X 



tAH 



-t E f 



V, L 1 



tH 



V,H1 
Wl 



Valid data 



Vim 
Viu 



X 



tcycE 



Figure 34 Write Operation 



RS 



R/W 



DB to DB 7 



X 



V|H1 



VlHI 

v, 



tAS 



/ 



PW EH 



V,H1 

V,L1 
— t E r 
tDDR 



V,H1 
V, L 1 



\ 



tAH 



V,H1 



tAH 



-t E f 



tDHR 



XV0H1» 



Valid data * 



x 



tcycE 



Note: * VOL1 is assumed to be 0.8 V at 2 MHz operation. 



Figure 35 Read Operation 
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Figure 36 Interface Timing with External Driver 



v cc 



2.7V/4.5V* 2 



0.2 V 



0.1 ms<t rcc <10ms 



0.2 V 0.2 V 



tOFF*1 




toFF ^1 ms 



Notes: 1 . t off compensates for the power oscillation period caused by momentary power 
supply oscillations. 

2. Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation. 

3. For if 4.5 V is not reached during 5-V operation, the internal reset circuit will not 
operate normally. 

In this case, the LSI must be initialized by software. (Refer to the Initializing 
by Instruction section.) 



Figure 37 Internal Power Supply Reset 
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HD66702 (LCD-II/E20) 

(Dot Matrix Liquid Crystal Display 
Controller/Driver) 



Description 

The HD66702 LCD-II/E20 dot-matrix liquid 
crystal display controller and driver LSI displays 
alphanumerics, Japanese kana characters, and 
symbols. It can be configured to drive a dot- 
matrix liquid crystal display under the control of a 
4- or 8-bit microprocessor. Since all the functions 
required for driving a dot-matrix liquid crystal 
display are internally provided on one chip, a 
minimal system can be interfaced with this 
controller/driver. 

A single LCD-II/E20 can display up to two 
20-character lines. However, with the addition of 
HD44100 drivers, a maximum of up to two 
40-character lines can be displayed. 
The low 3-V power supply of the LCD-D/E20 under 
development is suitable for any portable battery- 
driven product requiring low power dissipation. 



Features 

• 5x7 and 5 x 10 dot matrix possible 

• 80 x 8-bit display RAM (80 characters max.) 

• 7,200-bit character generator ROM 

— 160 character fonts (5 x 7 dot) 

— 32 character fonts (5 x 10 dot) 

• 64 x 8-bit character generator RAM 

— 8 character fonts (5 x 7 dot) 

— 4 character fonts (5 x 10 dot) 

• 16 -common x 100-segment liquid crystal 
display driver 



• Programmable duty cycles 

— 1/8 for one line of 5 x 7 dots with cursor 

— 1/11 for one line of 5 x 10 dots with cursor 

— 1/16 for two lines of 5 x 7 dots with cursor 

• Maximum display characters 

— One line: 

1/8 duty cycle, 20-char. x 1-line (no 
extension), 28-char. x 1-line (extended 
with one HD44100), 80-char. x 1-line 
(max. extension with eight HD44100s). 
1/11 duty cycle, 20-char. x 1-line (no 
extension), 28-char. x 1-line (extended 
with one HD44100), 80-char. x 1-line 
(max. extension with eight HD44100s) 

— Two lines: 

1/16 duty cycle, 20-char. x 2-line (no 
extension), 28-char. x 2-line (extended 
with one HD44100), 40-char. x 2-line 
(max. extension with eight HD44100s) 

• Wide range of instruction functions: 

— Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

• Choice of power supply (V ec ): 4.5 to 5.5 V 
(standard), 2.7 to 5.5 V (low voltage) 

• Automatic reset circuit that initializes the 
controller/driver after power on (standard 
version only) 

• Independent LCD drive voltage driven off of 
the logic power supply (V cc ): 3.0 to 7.0 V 



Ordering Information 






Type No. 


Package 


Operating Voltage 


ROM Font 


HCD66702RA00 


Chip 


4.5 to 5.5 V 


Standard Japanese font 


HCD66702RA00L 


Chip 


2.7 to 5.5 V 




HD66702RA00F 


144-pin plastic QFP (FP-144A) 


4.5 to 5.5 V 




HD66702RA00FL 


144-pin plastic QFP (FP-144A) 


2.7 to 5.5 V 




HD66702RA01F 


144-pin plastic QFP (FP-144A) 


4.5 to 5.5 V 


Japanese font for comunication system 


HD66702RA02F 


144-pin plastic QFP (FP-144A) 


4.5 to 5.5 V 


European font 


HCD66702RBxx 


Chip 


4.5 to 5.5 V 


Custom font 


HCD66702RBxxL 


Chip 


2.7 to 5.5 V 




HD66702RBxxF 


144-pin plastic QFP (FP-144A) 


4.5 to 5.5 V 




HD66702RBxxFL 


144-pin plastic QFP (FP-144A) 


2.7 to 5.5 V 





Note: xx: ROM code No. 
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LCD-II Family Comparison 



It Am 


LCD-II 
/HD44780) 


LCD-II/A 


LCD-II/E20 
fHD667021 


Power suddIv voltaoe 

1 wvvwl wUwWIJ VWIIGIM" 


5 V±10% 


5V±10% 


5 V ±1 0% (standard) 
3 V ±10% (low voltage) 


Liquid crystal drive 1/4 bias 


3.0 to 11 V 


3.0 Vto V cc 


3.0 to 6.0 V 


voltage V LCD 1/5bjas 


4.6 to 11V 


3.0 Vto V cc 


3.0 to 6.0 V 


Maximum display 
digits per chip 


1 6 digits 

(8 digits x 2 lines) 


1 6 digits 

(8 digits x 2 lines) 


40 digits 

(20 digits x 2 lines) 


Display duty cycle 


1/8,1/11, and 1/16 


1/8, 1/11, and 1/16 


1/8, 1/11, and 1/16 


CGROM 


7,200 bits 

(1 60 character fonts 
for 5 v 7 dot and 

32 character fonts 
for 5x10 dot) 


12,000 bits 

(240 character fonts 

for 5 v 1 o dot) 


7,200 bits 

(1 60 character fonts for 
5x7 dot and 
32 character fonts for 
5x10 dot) 


CGRAM 


64 bytes 


64 bytes 


64 bytes 


DDRAM 


80 bytes 


80 bytes 


80 bytes 


Segment signals 


40 


40 


100 


Common signals 


16 


16 


16 


Liquid crystal drive waveform 


A 


B 


B 


Ladder resistor for LCD 
power supply 


External 


External 


External 


Clock source 


External resistor, 
external ceramic 
filter, or external 
clock 


External resistor, 
external ceramic 
filter, or external 
clock 


External resistor or 
external clock 


Rf oscillation frequency 
(frame frequency) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


320 kHz ±30% 
(69 to 128 Hz for 1/8 
and 1/16 duty cycles; 
50 to 93 Hz for 1/11 
duty cycle) 


Rf resistance 


91 kfl±2% 


83kft±2% 


CO _i_O0/ /»*»«m#J«%mJ\ 

do Ki2 ±ir/o (standard) 
56 kfli ±2% (low voltage) 


Instructions 


Fully compatible within the LCD-II family 




CPU bus timing 


1 MHz 


2 MHz 


1 MHz 


Package 


FP-80, FP-80A, and 
80-pin bare chip 
(no package) 


FP-80B and FP-80A 


144-pin bare chip 
(no package) and 
FP-144A 
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LCD-II/E20 Block Diagram 



OSC, OSC 2 EXT 




CPG 



Timing 
generator 



RS 

R/W 

E 



DB 4 to 
DB 7 



DB to 
DB 3 



MPU 

inter- 
face 



Input/ 
output 
buffer 



Instruction 
register (IR) 



Instruction 
decoder 



7 



Display 
data RAM 
(DD RAM) 
80 x 8 bits 



Address 
counter 



Data 
register 
(DR) 



. Busy 



/7 



8,' 



'8 



8,' 



16-bit 
shift 
register 



Common 
signal 
driver 



100-bit 
shift 
register 



100-bit 
latch 
circuit 



Segment 
signal 
driver 



/ 100 



TEST 
GND 



Character 
generator 

RAM 
(CG RAM) 
64 bytes 



/'5 



Character 
generator 

ROM 
(CG ROM) 
7,200 bits 



Vcc 



Cursor 
and 
biink 
controller 



/'5 



Parallel/serial converter 
and 

attribute circuit 



XTTTT 



LCD drive 
voltage 
selector 



CL, 
CL 2 
M 



COM! to 
COM 16 



16 



SEGt to 
SEG 100 



100 
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LCD-II/E20 Pad Arrangement 

















00 000000000000000000000000000000000 










III II 1 1 1 1 1 1 1 III III III 1 1 1 III HI 111 HI HI 111 HI HI 111 HI Ml III III HI HI III HI hi HI III hi HI HI Hi 111 HI III III 










IPIIiiiiiBililllliBIlSiliillillliila 










"tOW»-00)CON(010'<'OW*"00><ON(OU) , t(')W'"OOIflONtOU>'tttNfO<JI 






SEG34 


m 1 




108 El 


SEG 71 


SEG33 


H2 




107 m 


SEG 72 


SEG32 


m 3 




106 BO 


SEG 73 


SEG31 


■ 4 




105 BB 


SEG 74 


SEG30 


■ s 




10419 


SEG 75 


SEG29 


m 6 




103 BB 


SEG76 


SEG 28 


■ 7 




102 ■ 


SEG 77 


SEG27 


me 




101 m 


SEG 7 a 


SEG 26 


m 9 




100 


SEG79 


SEG25 


m 10 




99 m 


SEG M 


SEG24 


m 11 




gs m 


SEG si 


SEG23 


■ 12 




97 m 


SEG a2 


SEG22 


■ 13 




96 mi 


SEG 83 


SEG21 


m 14 




95 EH 


SEG 84 


SEG20 


m 15 




94 EH 


SEG 85 


SEG 19 


H 16 




93 ra 


SEG ae 


SEGis 


m 17 




92 El 


SEG 87 


SEG 17 


H3 18 




91 m 


SEG 88 


SEGie 


M 19 




90 m 


SEG 8 » 


SEGis 


§120 




89 m 


SEG 90 


SEG 14 


®i 21 




88 ra 


SEG91 


SEG13 


EH 22 




87 09 


SEG,2 


SEG12 


fU23 




86 ra 


SEG93 


SEGn 


^ 24 




85 m 


SEG94 


SEG10 


H125 




84 


SEG95 


SEG 9 


El 26 




83 m 


SEG 


SEGg 






82 ra 


SEG 97 


SEG7 


m 28 






0C098 


SEG 6 


H29 




so m 


SEG 99 


SEG 5 


m 30 




79 ra 


SEG 100 


SEG 4 


01 31 




78 M 


COMie 


SEG 3 


EH 32 


Typo cods 


77 


COM 15 


SEG 2 


(H 33 


76 ra 


COMu 


SEG, 


EU 34 


HD66702 


75 


COM13 


GND 


■ 35 




74 ra 


COM12 


OSC 2 


m 36 


&88SS3S3$$$$S858<8388fc888588388&88£?:£ 
^□□□□□□□iIII00I000SSBHS0SBIIIIIIIIII 


73 si 


COM11 






§> 8 > 8>>>>> dd gggggggg§§|§§|§|§| 














Note: * 


Test pins to be grounded (top view) 








□ 


Power supply pins Minjmum pad pjtch . 130 Mm 








1 




Power supply pins (ground) 
Input pins 








§ 


Output pins 











Input/Output pins 
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Pad 


Pad 






No. 


Name 


X(nm) 


Yftim) 


1 


SEG34 


-2475 


2350 


2 


SEG33 


-2475 


2205 


3 


SEG32 


-2475 


2065 


4 


SEG 31 


-2475 


1925 


5 


SEG30 


-2475 


1790 


6 


SEG29 


-2475 


1655 


7 


SEG 2 8 


-2475 


1525 


8 


SEG 27 


-2475 


1395 


9 


SEG 26 


-2475 


1265 


10 


SEG 25 


-2475 


1135 


11 


SEG 24 


-2475 


1005 


12 


SEG23 


-2475 


875 


13 


SEG22 


-2475 


745 


14 


SEG 21 


-2475 


615 


15 


SEG 2 o 


-2475 


485 


16 


SEG 19 


-2475 


355 


17 


SEG 18 


-2475 


225 


18 


SEG 17 


-2475 


95 


19 


SEG 16 


-2475 


-35 


20 


SEG 15 


-2475 


-165 


21 


SEG 14 


-2475 


-295 


22 


SEG 13 


-2475 


-425 


23 


SEG 12 


-2475 


-555 


24 


SEG U 


-2475 


-685 


25 


SEG 10 


-2475 


-815 


26 


SEG 9 


-2475 


-945 


27 


SEG 8 


-2475 


-1075 


28 


SEG 7 


-2475 


-1205 


29 


SEG 6 


-2475 


-1335 


30 


SEG 5 


-2475 


-1465 



HD66702 



Pad 
No. 


Pad 
Name 






31 


SEG 4 


-2475 


-1600 


32 


SEG 3 


-2475 


-1735 


33 


SEG 2 


-2475 


-1870 


34 


SEG 1 


-2475 


-2010 


35 


GND 


-2475 


-2180 


36 


OSC 2 


-2475 


-2325 


37 


OSC, 


-2445 


-2475 


38 


Vcc 


-2305 


-2475 


39 


Vcc 


-2165 


-2475 


40 


V1 


-2025 


-2475 


41 


v 2 


-1875 


-2475 


42 


v 3 


-1745 


-2475 


43 


v 4 


-1595 


-2475 


44 


v 5 


-1465 


-2475 


45 


CI, 


-1335 


-2475 


46 


CL 2 


-1185 


-2475 


47 


M 


-1055 


-2475 


48 


D 


-905 


-2475 


49 


EXT 


-775 


-2475 


50 


TEST 


-625 


-2475 


51 


GND 


-495 


-2475 


52 


RS 


-345 


-2475 


53 


R/W 


-195 


-2475 


54 


E 


-45 


-2475 


55 


DB 


85 


-2475 


56 


DB 1 


235 


-2475 


57 


DB 2 


365 


-2475 


58 


DB 3 


515 


-2475 


59 


DB 4 


645 


-2475 


60 


DB 5 


795 


-2475 
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HCD66702 Pad Location Coordinates (cont) 



Do/4 

No. 


Do/1 

rau 

Name 


Xftim) 


Yftim) 


Dori 
rau 

No. 


DoH 

Name 


Xftim) 


Yftim) 


61 


DB 6 


925 


-2475 


91 


SEG 88 


2475 


95 


62 


DB 7 


1075 


-2475 


92 


SEG 87 


2475 


225 


63 


COMi 


1205 


-2475 


93 


SEG 86 


2475 


355 


64 


COM 2 


1335 


-2475 


94 


SEG 85 


2475 


485 


65 


COM 3 


1465 


-2475 


95 


SEG 84 


2475 


615 


66 


COM4 


1595 


-2475 


96 


SEG 83 


2475 


745 


67 


COM5 


1725 


-2475 


97 


SEG 82 


2475 


875 


68 


COM 6 


1855 


-2475 


98 


SEG 81 


2475 


1005 


69 


COM 7 


1990 


-2475 


99 


SEG 80 


2475 


1135 


70 


C0M 8 


2125 


-2475 


100 


SEGyg 


2475 


1265 


71 


COMg 


2265 


-2475 


101 


SEG 78 


2475 


1395 


72 


COM 10 


2410 


-2475 


102 


SEG 77 


2475 


1525 


73 


COMn 


2475 


-2290 


103 


SEG 76 


2475 


1655 


74 


COM 12 


2475 


-2145 


104 


SEG 75 


2475 


1790 


75 


COM 13 


2475 


-2005 


105 


SEG 74 


2475 


1925 


76 


COM 14 


2475 


-1865 


106 


SEG 73 


2475 


2065 


77 


COM 15 


2475 


-1730 


107 


SEG 72 


2475 


2205 


78 


COM 16 


2475 


-1595 


108 


SEG 71 


2475 


2350 


79 


SEG 100 


2475 


-1465 


109 


SEG 70 


2320 


2475 


80 


SEGgg 


2475 


-1335 


110 


SEG 6 g 


2175 


2475 


81 


SEGg 8 


2475 


-1205 


111 


SEG 68 


2035 


2475 


82 


SEG 97 


2475 


-1075 


112 


SEG 67 


1895 


2475 


83 


SEGg 6 


2475 


-945 


113 


SEG 66 


1760 


2475 


84 


SEG95 


2475 


-815 


114 


SEG 65 


1625 


2475 


85 


SEG 94 


2475 


-685 


115 


SEG 64 


1495 


2475 


86 


SEG 93 


2475 


-555 


116 


SEG 63 


1365 


2475 


87 


SEGg 2 


2475 


-425 


117 


SEG 62 


1235 


2475 


88 


SEG 91 


2475 


-295 


118 


SEG 61 


1105 


2475 


89 


SEGg 


2475 


-165 


119 


SEG 60 


975 


2475 


90 


SEG 8 g 


2475 


-65 


120 


SEG59 


845 


2475 
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HCD66702 Pad Location Coordinates (cont) 



rBO 

No. 


rau 

Name 


X(ujti) 


YOim) 


Da/i 
rBQ 

No. 


Name 


X(^im) 


Y(fim) 


121 


SEGgs 


715 


2475 


133 


SEG 46 


-845 


2475 


122 


SEG 57 


585 


2475 


134 


SEG 45 


-975 


2475 


123 


SEGgg 


455 


2475 


135 


SEG 44 


-1105 


2475 


124 


SEG55 


325 


2475 


136 


SEG 43 


-1235 


2475 


125 


SEG54 


195 


2475 


137 


SEG 42 


-1365 


2475 


126 


SEG53 


65 


2475 


138 


SEG 41 


-1495 


2475 


127 


SEG 52 


-65 


2475 


139 


SEG 40 


-1625 


2475 


128 


SEG 51 


-195 


2475 


140 


SEG39 


-1760 


2475 


129 


SEG50 


-325 


2475 


141 


SEG 38 


-1895 


2475 


130 


SEG 49 


-455 


2475 


142 


SEG 37 


-2035 


2475 


131 


SEG 48 


-585 


2475 


143 


SEG 36 


-2175 


2475 


132 


SEG 47 


-715 


2475 


144 


SEG 35 


-2320 


2475 



Notes: 1 . Coordinates originate from the chip center. 

2. The above are preliminary specifications, and may be subject to change. 
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HD66702 Pin Arrangement 







/ 


SEG34 




1 


SEG33 




2 


SEG32 




3 


SEG31 


m 


4 


SEG30 


m 


5 


SEG29 




6 


SEG 28 


* 


7 


SEG 27 


m 


8 


SEGae 


m 


9 


SEG 25 


m 


10 


SEG 24 




11 


SEG 23 




12 


SEG22 




13 


SEG 21 




14 


SEG 20 




15 


SEG19 




16 


SEG 1ft 




17 


SEG 17 




18 


SEG 16 




19 


SEG 15 


m 


20 


SEGu 




21 


SEG 13 


m 


22 


SEG 12 


m 


23 


SEGn 


H 


24 


SEG 10 


1 


25 


SEG 9 




26 


SEGg 


m 


27 


SEG 7 


m 


28 


SEG 6 




29 


SEG S 


m 


30 


SEG 4 




31 


SEG 3 


I 


32 


SEG 2 




33 


SEG, 


n 


34 


GND 


■ 


35 


OSC 2 


n 


36 



S S5;S S ??n SSJ; SS8 5SS3 SSISS 

(30(5(5(3(3(50(30000(50000000(3(50(5(3(3000000000 

UJUJUJL1IIXIUJIJUUJUJIJULUUJLUUJLUUJUJ11JUJUJ 

COC0COCOC0C0</)C0C0COCOCOCO<»COCOCOCOCOC0COC0COCOCOC6(OC0C0COCOCO<0COC0CO 

llllllliillllllllllllllillliilllllil 

■<0CVI^QO>00f^<0U>^C0CNI^O<»00r«»<0l0'*C0C\|T-OO>C0rs.<Dlft'*C0CVI^OO> 



108 
107 
106 
105 
104 
103 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 



85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 



^LiUUULllJUIili^^l^^^glgiEd^md^glilililiilii 

888888883388383'33f 

0000000005 



i> 8 > 8 



»->->->>vd ,ao gfeiaB 



Note: * 


Test pins to be grounded 


□ 


Power supply pins 


I 


Power supply pins (ground) 





Input pins 


I 


Output pins 


s 


Input/Output pins 



FP-144A 
(top view) 



SEG 71 
SEG 72 
SEGts 
SEG 74 
SEG 7S 
SEG 7 « 
SEG 77 
SEG 7 , 
SEG 79 
SEG eo 
SEG», 
SEG 82 
SEG 83 
SEG 84 
SEG» 5 
SEG 86 
SEG» 7 
SEG 8a 
SEG M 
SEG 90 
SEG 91 
SEG 92 
SEG 93 
SEG 94 
SEG 95 
SEG 96 
SEG 97 
SEG 98 
SEG 99 
SEG too 
COM,« 
C0M 1S 
COM 14 
COM 13 
COM 12 
COM 1t 
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Pin Functions 



Table 1 Pin Functional Description 



Signal 


I/O 


Device 

Interfaced with 


Function 


RS 


I 


MPU 


Selects registers. 

0: Instruction register (for write) 

Busy flag: address counter (for read) 
1 : Data register (for write and read) 


RAN 


I 


MPU 


Selects read or write. 
0: Write 
1 : Read 


E 


I 


MPU 


Starts data read/write 


DB 4 to DB 7 


I/O 


MPU 


Four high order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the LCD-II/E20. 
DB 7 can be used as a busy flag. 


DB to DB 3 


I/O 


MPU 


Four low order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the LCD-II/E20. 
These pins are not used during 4-bit operation. 


CM 


o 


HD44100 


Clock to latch serial data D sent to the HD44100H driver 


CL 2 


o 


HD44100 


Clock to shift serial data D 


M 


o 


HD44100 


Switch signal for converting the liquid crystal drive 
waveform to AC 


D 


o 


HD44100 


Character pattern data corresponding to each segment 
signal 


COMi to COM 16 


o 


LCD 


Common signals that are not used are changed to non- 
selection waveforms. COM 9 to COM 16 are non- 
selection waveforms at 1/8 duty factor and COM 12 to 
COM 16 are non-selection waveforms at 1/11 duty factor. 


SEG, to SEG 10 o 


o 


LCD 


Segment signals 


V, toV 5 




Power supply 


Power supply for LCD drive 


V cc . GND 




Power supply 


V CC : +5 V or +3 V, GND: V 


TEST 


I 




Test pin, which must be grounded 


EXT 


I 




0: Enables extension driver control signals CL 1f CL 2 , M, 
and D to be output from its corresponding pins. 

1 : Drives CL 1f CL 2 , M, and D as tristate, lowering power 
dissipation. 


OSC 1f OSC 2 






Pins for connecting the registers of the internal clock 
oscillation. When the pin input is an external clock, it 
must be input to OSC 1 . 
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Function Description 
Registers 

The HD66702 has two 8-bit registers, an 
instruction register (IR) and a data register (DR). 

The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can only be 
written from the MPU. 

The DR temporarily stores data to be written into 
DD RAM or CG RAM. Data written into the DR 
from the MPU is automatically written into DD 
RAM or CG RAM by an internal operation. The 
DR is also used for data storage when reading data 
from DD RAM or CG RAM. When address 
information is written into the IR, data is read and 
then stored into the DR from DD RAM or CG 
RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM or CG RAM at the next address is sent to 
the DR for the next read from the MPU. By the 
register selector (RS) signal, these two registers 
can be selected (table 2). 



Busy Flag (BF) 

When the busy flag is 1, the HD66702 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = and R/W = 1 
(table 2), the busy flag is output to DB7. The next 
instruction must be written after ensuring that the 
busy flag is 0. 

Address Counter (AC) 

The address counter (AC) assigns addresses to 
both DD RAM and CG RAM. When an address 
of an instruction is written into the IR, the address 
information is sent from the IR to the AC. 
Selection of either DD RAM or CG RAM is also 
determined concurrently by the instruction. 

After writing into (reading from) DD RAM or CG 
RAM, the AC is automatically incremented by 1 
(decremented by 1). The AC contents are_then 
output to DB to DB 6 when RS = and R/W = 1 
(table 2). 



Table 2 


Register Selection 


RS 


R/W 


Operation 








IR write as an internal operation (display clear, etc.) 





1 


Read busy flag (DB 7 ) and address counter (DB to DB 6 ) 


1 





DR write as an internal operation (DR to DD RAM or CG RAM) 


1 


1 


DR read as an internal operation (DD RAM or CG RAM to DR) 
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Display Data RAM (DD RAM) 

Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its extended 
capacity is 80 x 8 bits, or 80 characters. The area 
in display data RAM (DD RAM) that is not used 
for display can be used as general data RAM. See 
figure 1 for the relationships between DD RAM 
addresses and positions on the liquid crystal 
display. 

The DD RAM address (A DD ) is set in the address 
counter (AC) as hexadecimal. 

• 1-line display (N = 0) (figure 2) 

— Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD66702, 20 characters are displayed. 
See figure 3. 



— Case 2: For a 28 -character display, the 
HD66702 can be extended using one 
HD44100 and displayed. See figure 4. 

When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 4. 

— Case 3: The relationship between the 
display position and DD RAM address 
when the number of display digits is 
increased through the use of two or more 
HD44100s can be considered as an 
extension of case #2. 

Since the increase can be eight digits per 
additional HD44100, up to 80 digits can be 
displayed by externally connecting eight 
HD44100s. See figure 5. 



When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 3. 



AC 

(hexadecimal) 



High order 



Low order 



- — bits — 


bits - 


AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


ACQ 



Example: DD RAM address 4E 



1 








1 


1 


1 






Figure 1 DD RAM Address 



Display position 
(digit) i 


2 


3 


4 


5 


79 


80 


DD RAM 


00 


01 


02 


03 


04 




4E 


4F 




address 






(hexadecimal) 

















Figure 2 1-Line Display 
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Display 

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 



DD RAM 
address 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 



For 

shift left 
For 

shift right 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 




4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 



Figure 3 1-Line by 20-Character Display Example 



Display 

position 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 



DD RAM 
address 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 



y y " 

LCD-II/E20 display HD441 00 display 



For 

shift left 
For 

shift right 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 


1C 




4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 



Figure 4 1-Line by 28-Character Display Example 



Display 

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

DD RAM 
address 



00 01 O2 03O4O5O6 07 08O9OA0B0C0D0E0F1011 121314 1516 1718191A1B 



Y 

LCD-II/E20 display 



Y 

1st HD44100 
display 



• 4C4D4E4F 



— 

8th HD44100 
display 



Figure 5 1-Line by 80-Character Display Example 
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• 2-line display (N = 1) (figure 6) 

— Case 1: When the number of display 
characters is less than 40 x 2 lines, the two 
lines are displayed from the head. Note 
that the first line end address and the 
second line start address are not 



consecutive. For example, when just the 
HD66702 is used, 20 characters x 2 lines 
are displayed. See figure 7. 

When display shift operation is performed, 
the DD RAM address shifts. See figure 7. 



Display 



position 


1 


2 


3 


4 


5 


39 


40 


DD RAM 


00 


01 


02 


03 


04 




26 


27 


address 


















(hexadecimal) 


40 


41 


42 


43 


44 




66 


67 



Figure 6 2-Line Display 



Display 
position 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 




DD RAM 
address 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


OD 


OE 


OF 


10 


11 


12 


13 




40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 








For 

shift left 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 




41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 








For 

shift right 


27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 




67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 









Figure 7 2-Line by 20-Character Display Example 
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— Case 2: For a 28-character x 2-line display, 
the HD66702 can be extended using one 
HD44100. See figure 8. 

When display shift operation is performed, 
the DD RAM address shifts. See figure 8. 

— Case 3: The relationship between the 
display position and DD RAM address 



when the number of display digits is 
increased by using two or more HD44100s, 
can be considered as an extension of case 
#2. See figure 9. 

Since the increase can be 8 digits x 2 lines 
for each additional HD44100, up to 
40 digits x 2 lines can be displayed by 
externally connecting three HD44100s. 



Display 
position 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 




DD RAM 

address 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 




40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 




V J\ J 




LCD-II/E20 display HD441 00 display 


For 

shift left 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 


1C 




41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


5C 








For 

shift right 


27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 




67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 









Figure 8 2-Line by 28-Character Display Example 



Display 



DD RAM 
address 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 




24 


25 


26 


27 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 




64 


65 


66 


67 



Y 

LCD-II/E20 display 



y 

1stHD44100 
display 



3rdHD44100 
display 



Figure 9 2-Line by 40-Character Display Example 
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Character Generator ROM (CG ROM) 

The character generator ROM generates 5x7 dot 
or 5 x 10 dot character patterns from 8-bit 
character codes (table 5). It can generate 
160 5 x 7 dot character patterns and 32 5 x 10 dot 
character patterns. User-defined character patterns 
are also available by mask-programmed ROM. 

Character Generator RAM (CG RAM) 

In the character generator RAM, the user can 
rewrite character patterns by program. For 5x7 
dots, eight character patterns can be written, and 
for 5 x 10 dots, four character patterns can be 
written. 

Write the character codes at the addresses shown 
as the left column of table 5 to show the character 
patterns stored in CG RAM. 

See table 6 for the relationship between CG RAM 
addresses and data and display patterns. 

Areas that are not used for display can be used as 
general data RAM. 



Modifying Character Patterns 

• Character pattern development procedure 

The following operations correspond to the 
numbers listed in figure 10: 

1. Determine the correspondence between 
character codes and character patterns. 

2. Create a listing indicating the correspondence 
between EPROM addresses and data. 

3. Program the character patterns into the 
EPROM. 

4. Send the EPROM to Hitachi. 

5. Computer processing on the EPROM is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 

6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI proceeds at Hitachi. 
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Hitachi 



User 



Computer 
processing 



Create character 
pattern listing 



No 



Evaluate 
character 
patterns 



OK? 
lYes 




Art work 




Masking 



Trial 



Sample 



Sample 
evaluation 




OK? 
^Yes 



No 



^ Start ) 



Dete 
characte 


rmine 
r patterns 








Create EPROM 
address data listing 






Write EPROM 






EPROM 


-> Hitachi 







Mass \ 
production J 

Note: For a description of the numbers used in this figure, refer to the preceding page. 



Figure 10 Character Pattern Development Procedure 
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• Programming character patterns 

This section explains the correspondence 
between addresses and data used to program 
character patterns in EPROM. The 
LCD-II/E20 character generator ROM can 
generate 160 5 x 7 dot character patterns and 
32 5 x 10 dot character patterns for a total of 
192 different character patterns. 



— 5 x 7 dot character pattern 

EPROM address data and character pattern 
data correspond with each other to form a 
5 x 7 dot character pattern (table 3). 



Table 3 Example of Correspondence between EPROM Address Data and Character Pattern 
(5x7 dots) 



EPROM Address 


Data 


A 10 A 9 A 8 A 7 A 6 A 5 A 4 A 2 


A 2 


A 1 


A o 


o 4 


o 3 o 2 


LSB 

Oi o 


10 10 10 




























1 










d 







1 





n 








1 







1 


1 


WMillljl 


IP 







1 










°H 










1 





1 







m 







1 


1 













1 




1 


1 


1 















Character code 



Line 
position 



- Fill line 8 (cursor position) 
with 0s 



Notes: 1 . EPROM addresses A 10 to A 3 correspond to a character code. 

2. EPROM addresses A 2 to Aq specify a line position of the character pattern. 

3. EPROM data 4 to O correspond to character pattern data. 

4. A lit display position (black) corresponds to a 1 . 

5. Line 8 (cursor position) of the character pattern must be blanked with 0s. 

6. EPROM data O s to 7 are not used. 
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— 5x10 dot character pattern 

EPROM address data and character pattern 
data correspond with each other to form a 
5 x 10 dot character pattern (table 4). 

— Handling unused character patterns 

1. EPROM data outside the character pattern 
area: Ignored by the character generator ROM 
for display operation so or 1 is arbitrary. 

2. EPROM data in CG RAM area: Ignored by 
the character generator ROM for display 
operation so or 1 is arbitrary. 



3. EPROM data used when the user does not 
use any HD66702 character pattern: 
According to the user application, handled in 
one of the two ways listed as follows. 

i. When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit 
By not programing a character pattern, all 
of its bits become lit. (This is due to the 
EPROM being filled with Is after it is 
erased.) 

ii. When unused character patterns are 
programmed as 0s: Nothing is displayed 
even if unused character codes are written 
into DD RAM. (This is equivalent to a 
space.) 



Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 10 dots) 



EPROM Address 



A10 Ag A 8 A 7 A 6 A 5 A 4 A 3 A 2 Ai A 



Data 



LSB 

4 3 2 O 




1 "0 0" 1 1 
1 1 1 
1 1 1 



Character code 



Line 
position 



- Fill line 1 1 (cursor position) 
with 0s 



Notes: 1 . EPROM addresses A 10 to A 3 correspond to a character code. Set A 8 and A 9 of character 
pattern lines 9, 1 0, and 1 1 to 0s. 

2. EPROM addresses A 2 to A specify a line position of the character pattern. 

3. EPROM data 4 to O correspond to character pattern data. 

4. A lit display position (black) corresponds to a 1 . 

5. Blank out line 11 (cursor position) of the character pattern with 0s. 

6. EPROM data 5 to 7 are not used. 
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Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A00) 



Uppf 4 


0000 


0010 


0011 


0100 

¥ 


0101 


0110 
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Note: The user can specify any pattern for character-generator RAM. 
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Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A01) 
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Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A02) 
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Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) 

For 5 x 7 dot character patterns 



Character Codes 
(DD RAM data) 



7 6 5 4 
High 



3 2 10 
Low 



0000*000 



* 1 



* 1 1 1 



CG RAM Address 



5 4 3 
High 



2 1 
Low 







1 



1 1 1 



1 1 




1 

1 1 
1 1 1 



1 1 





1 



1 

1 1 

1 1 

1 1 1 



Character Patterns 
(CG RAM data) 



7 6 5 4 3 2 1 
High Low 




Character 
pattern 



} Cursor position 



Notes: 1 . Character code bits to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types). 

2. CG RAM address bits to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, at as the cursor display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits to 4 (bit 4 being at the left ). 
Since CG RAM data bits 5 to 7 are not used for display, they can be used for general data RAM. 

4. As shown tables 5 and 6, CG RAM character patterns are selected when character code bits 

4 to 7 are all 0. However, since character code bit 3 has no effect, the R display example above 
can be selected by either character code 00H or 08H. 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
* Indicates no effect. 
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Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) (cont) 

For 5 x 10 dot character patterns 



Character Codes 
(DD RAM data) 



7 6 5 4 3 2 1 
High Low 



0000*00* 



* 1 1 * 



CG RAM Address 



5 4 

High 



3 2 10 
Low 







1 1 
























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 











1 








1 


1 





1 
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1 




1 1 1 



1 1 
1 1 
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10 1 
1010 



10 11 
110 
110 1 
1110 

1111 



Character Patterns 
(CG RAM data) 



7 6 5 4 3 2 1 
High Low 



!0 

i o oooo 



* * * 

* * * 














***,***** 



Character 
pattern 



Cursor position 



Notes: 1 . Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types). 

2. CG RAM address bits to 3 designate the character pattern line position. The 1 1 th line is 
the cursor position and its display is formed by a logical OR with the cursor. 

Maintain the 1 1th line data corresponding to the cursor display positon at as the cursor display. 
If the 1 1 th line data is 1 , 1 bits will light up the 1 1th line regardless of the cursor presence. 
Since lines 12 to 16 are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4 to 7 are all 0. 
However, since character code bits and 3 have no effect, the P display example above 
can be selected by character codes 00 H, 01 H, 08H, and 09 H. 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
* Indicates no effect. 
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Timing Generation Circuit 

The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM and CG RAM. RAM read 
timing for display and internal operation timing by 
MPU access are generated separately to avoid 
interfering with each other. Therefore, when 
writing data to DD RAM, for example, there will 
be no undesirable interferences, such as flickering, 
in areas other than the display area. This circuit 
also generates timing signals for the operation of 
the externally connected HD44100 driver. 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit consists of 
16 common signal drivers and 100 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 

The segment signal driver has essentially the same 
configuration as the HD44100 driver. Character 
pattern data is sent serially through a 100-bit shift 
register and latched when all needed data has 



arrived. The latched data then enables the driver 
to generate drive waveform outputs. The serial 
data can be sent to externally cascaded HD44100s 
used for displaying extended digit numbers. 

Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 

Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66702 drives from the head display. The rest 
of the display, corresponding to latter addresses, 
are added with each additional HD44100. 

Cursor/Blink Control Circuit 

The cursor/blink control circuit generates the 
cursor or character blinking. The cursor or the 
blinking will appear with the digit located at the 
display data RAM (DD RAM) address set in the 
address counter (AC). 

For example (figure 11), when the address counter 
is 08H, the cursor position is displayed at DD 
RAM address 08H. 
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For a 2-line display 
Display position 

DD RAM address 
(hexadecimal) 



cursor position 
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Note: * The cursor or blinking appears when the address counter (AC) selects the character 
generator RAM (CG RAM). However, the cursor and blinking become meaningless. 
The cursor or blinking is displayed in the meaningless position when the AC is a CG RAM address. 
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Interfacing to the MPU 

The HD66702 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 

• For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DB to DB 3 are disabled. The data transfer 
between the HD66702 and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB 4 to DB 7 ) are transferred before 
the four low order bits (for 8 -bit operation, 
DB to DB 3 ). 

The busy flag must be checked (one 
instruction) after the 4 -bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 

• For 8-bit interface data, all eight bus lines 
(DB to DB 7 ) are used. 



Reset Function 

Initializing by Internal Reset Circuit 

An internal reset circuit automatically initializes 
the HD66702 when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF =1). 
The busy state lasts for 10 ms after Vcc rises to 
4.5 V. 

1. Display clear 

2. Function set: 

DL = 1; 8-bit interface data 

N = 0; 1 -line display 

F = 0; 5 x 7 dot character font 

3. Display on/off control: 
D = 0; Display off 

C = 0; Cursor off 
B = 0; Blinking off 

4. Entry mode set: 

I/D = 1; Increment by 1 
S = 0; No shift 

Note: If the electrical characteristics conditions 
listed "Under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66702. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 
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Figure 12 4-Bit Transfer Example 
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Instructions 
Outline 

Only the instruction register (IR) and the data 
register (DR) of the HD66702 can be controlled by 
the MPU. Before starting the internal operation of 
the HD66702, control information is temporarily 
stored into these registers to allow interfacing with 
various MPUs, which operate at different speeds, 
or various peripheral control devices. The 
internal operation of the HD66702 is determined 
by signals sent from the MPU. These signals, 
which include register selection (RS), read/write 
(R/W), and the data bus (DB to DB 7 ), make up 
the HD66702 instructions (table 7). There are four 
categories of instructions that: 

• Designate HD66702 functions, such as display 
format, data length, etc. 

• Set internal RAM addresses 

• Perform data transfer with internal RAM 

• Perform miscellaneous functions 

Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 



auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66702 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 12) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 

When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 

Because the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is before sending another instruction from 
the MPU. 

Note: Be sure the HD66702 is not in the busy 
state (BF = 0) before sending an instruction 
from the MPU to the HD66702. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 7 for the list of each instruc- 
tion execution time. 
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Table 7 Instructions 



Code 



Instruction RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Description 



Execution Time 
(max) (when f cp or 
fosc 320 kHz) 



Clear 
display 



Clears entire display and 1 .28 ms 
sets DD RAM address in 
address counter 



Return 
home 



1 — Sets DD RAM address in 1 .28 ms 
address counter. Also 
returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged. 



Entry 
mode set 



l/D S Sets cursor move direction 31 ^s 
and specifies display shift. 
These operations are 
performed during data 
write and read. 



Display 

on/off 

control 











1 D C 


B 


Sets entire display (D) 
on/off, cursor on/off (C), 
and blinking of cursor 
position character (B). 


31 U£ 


Cursor or 

display 

shift 











1 S/C R/L — 




Moves cursor and shifts 
display without changing 
DD RAM contents. 


31 u.s 


Function 
set 











1 DL N F — 




Sets interface data length 
(DL), number of display 
lines (L), and character 
font (F). 


31 us 


SetCG 

RAM 

address 











1 A CG AcG ACG A CG A CG AcG 


Sets CG RAM address. 
CG RAM data is sent and 
received after this setting. 


31 u.s 


SetDD 

RAM 

address 








1 


Add a dd a dd a dd a dd a dd a dd 


Sets DD RAM address. 
DD RAM data is sent and 
received after this setting. 


31 \is 


Read busy 
flag & 
address 





1 


BF 


AC AC AC AC AC AC 


AC 


Reads busy flag (BF) 
indicating internal operation 
is being performed and 


Ous 



reads address counter 
contents. 
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Table 7 Instructions (cont) 













Execution Time 








Code 




(max) (when f cp or 


Instruction 


RS 


R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB 


Description 


fosci' 320 kHz) 


Write data 


1 


o 


\A/rito fiat st 


Writes data into DD RAM 


31 LIS 


to CG or 








or CG RAM. 


tADD^JuS* 


DD RAM 












Read data 


1 


1 


Read data 


Reads data from DD RAM 31 lis 


from CG or 








or CG RAM. 


tADD = 4.7 LIS* 


DD RAM 














l/D 


-1: 


Increment 


DD RAM: Display data 


Execution time 




l/D 


= 0: 


Decrement 


RAM 


changes when 




S 


= 1: 


Accompanies display shift 


CG RAM: Character 


frequency changes 




s/c 


= 1: 


Display shift 


generator RAM 


Example: 




s/c 


= 0: 


Cursor move 


Acq: CG RAM address 


When f^ or f sc 




R/L 


= 1: 


Shift to the right 


A Dp : DD RAM address 


is 270 kHz, 




R/L 


= 0: 


Shift to the left 


(corresponds to 


320 




DL 


= 1: 


8 bits, DL = 0: 4 bits 


cursor address) 


31 nsx— *37hs 




N 


-1: 


2 lines, N = 0: 1 line 


AC: Address counter 




F 


= 1: 


5x10 dots, F = 0: 5x7 dots 


used for both DD and 






BF 


-1: 


Internally operating 


CG RAM addresses 






BF 


= 0: 


Instructions acceptable 







Note: — indicates no effect. 

* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
in figure 13, t^DD is the time elapsed after the busy flag turns off until the address counter is updated. 



Busy signal 
(DBj pin) 



Busy state 



Address counter 
(DB to DB 6 pins) 



X 



*ADD 



Note: tADD depends on the operation frequency 
tADD * 1.5/(f C pOrf sc) seconds 



A+1 



Figure 13 Address Counter Update 
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Instruction Description 
Clear Display 

Clear display writes space code 20H (character 
pattern for character code 20H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. 

Return Home 

Return home sets DD RAM address into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 

The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). 

Entry Mode Set 

I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 

The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing 
and reading of CG RAM. 

S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1. The 
display does not shift if S is 0. 

If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM does not shift 
the display. 

Display On/Off Control 

D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in DD 
RAM, but can be displayed instandy by setting 
Dtol. 



C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 7 dot character font selection and 
in the 11th line for the 5 x 10 dot character font 
selection (figure 16). 

B: The character indicated by the cursor blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 320-ms intervals when f^, 
or f sc is 320 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency changes according to fosc or tne 
reciprocal of f cp . For example, when f cp is 
270 kHz, 320 x 320/270 = 379.2 ms.) 

Cursor or Display Shift 

Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 8). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. Note that 
the first and second line displays will shift at the 
same time. 

When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 

The address counter (AC) contents will not change 
if the only action performed is a display shift 

Function Set 

DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB 7 to DB ) when 
DL is 1, and in 4-bit lengths (DB 7 to DB 4 ) when 
DL is 0. 

When 4-bit length is selected, data must be sent or 
received twice. 

N: Sets the number of display lines. 
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F: Sets the character font 



Set CG RAM Address 



Note: Perform the function at the head of the Set CG RAM address sets the CG RAM address 

program before executing any instructions binary AAAAAA into the address counter, 
(except for the read busy flag and address 

instruction). From this point, the function Data is then written to or read from the MPU for 

set instruction cannot be executed unless CG RAM. 
the interface data length is changed. 







RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB3 


DBg 


DB 1 


DB 




Clear 
display 


Code 





























1 








RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB, 


DB2 


DB 1 


DB 




Return 
home 


Code 


























1 


* 


Note: * Don't care. 






RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB3 


DBs 


DB, 


DB 




Entry 
mode set 


Code 























1 


l/D 


S 








RS 


R/W 


DB 7 


DBe 


DBg 


DB 4 


DB, 


DBz 


DB, 


DB 




Display 
on/off control 


Code 




















1 





C 


B 






























Figure 14 
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DB 




Cursor or 
display shift 


Code 
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S/C 


R/L 
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* 


Note: * Don't care. 
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DB 




Function set 


Code 














1 


DL 


N 


F 


* 


* 


Note: * Don't care. 
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RAM address 


Code 
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order bit 
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Lowest 
order bit 



Figure 15 
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Set DD RAM Address 

Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter. 

Data is then written to or read from the MPU for 
DDRAM. 

However, when N is (1-line display), 
AAAAAAA can be 00H to 4FH. When N is 1 
(2-line display), AAAAAAA can be 00H to 27H 
for the first line, and 40H to 67H for the second 
line. 



Read Busy Flag and Address 

Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out 
This address counter is used by both CG and DD 
RAM addresses, and its value is determined by the 
previous instruction. The address contents are the 
same as for instructions set CG RAM address and 
set DD RAM address. 



Table 8 Shift Function 



s/c 


R/L 










Shifts the cursor position to the left. (AC is decremented by one.) 





1 


Shifts the cursor position to the right. (AC is incremented by one.) 


1 





Shifts the entire display to the left. The cursor follows the display shift. 


1 


1 


Shifts the entire display to the right. The cursor follows the display shift. 



Table 9 Function Set 



N 


F 


No. of 

Display 

Lines 


Character 
Font 


Duty 
Factor 


Remarks 








1 


5x7 dots 


1/8 







1 


1 


5 x 10 dots 


1/11 




1 


♦ 


2 


5x7 dots 


1/16 


Cannot display two lines for 5 x 1 dot character font 



Note: * Indicates don't care. 
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5 x 7 dot 5 x 1 dot Alternating display 

character font character font 

Cursor display example Blink display example 



Figure 16 Cursor and Blinking 
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Figure 17 
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Write Data to CG or DD RAM 

Write data to CG or DD RAM writes 8-bit binary 
data DDDDDDDD to CG or DD RAM. 

To write into CG or DD RAM is determined by 
the previous specification of the CG RAM or DD 
RAM address setting. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift. 

Read Data from CG or DD RAM 

Read data from CG or DD RAM reads 8-bit binary 
data DDDDDDDD from CG or DD RAM. 

The previous designation determines whether CG 
or DD RAM is to be read. Before entering this 
read instruction, either CG RAM or DD RAM 
address set instruction must be executed. If not 
executed, the first read data will be invalid. When 
serially executing read instructions, the next 
address data is normally read from the second 
read. The address set instructions need not be 



executed just before this read instruction when 
shifting the cursor by the cursor shift instruction 
(when reading out DD RAM). The operation of 
the cursor shift instruction is the same as the set 
DD RAM address instruction. 

After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed regardless of the entry 
mode. 

Note: The address counter (AC) is automatically 
incremented or decremented by 1 after the 
write instructions to CG RAM or DD RAM 
are executed. The RAM data selected by 
the AC cannot be read out at this time even 
if read instructions are executed. Therefore, 
to correctly read data, execute either the 
address set instruction or cursor shift 
instruction (only with DD RAM), then just 
before reading the desired data, execute the 
read instruction from the second time the 
read instruction is sent. 
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Figure 18 
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HD6800 
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Figure 19 8-Bit MPU Interface 
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Figure 20 HD6805 Interface 
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Figure 21 HD6301 Interface 
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Interfacing the HD66702 
Interface to MPUs 

• Interfacing to an 8-bit MPU through a PIA 

See figure 23 for an example of using a PIA or 
I/O port (for a single-chip microcomputer) as 
an interface device. The input and output of 
the device is TTL compatible. 



In this example, PB to PB 7 are connected to 
the data bus DB to DB 7 , and PAq to PA 2 are 
connected to E, R/W, and RS, respectively. 

Pay careful attention to the timing relationship 
between E and the other signals when reading 
or writing data using a PIA for the interface. 



RS 
R/W 



s 



Internal 
operation 

DB 7 




Functioning 




Not 



77>T^ryy//J Busy W///M* V//777>^/777>r *^W77, 



Instruction 
write 



Busy flag 
check 



Busy flag 
check 



Busy flag 
check 



Instruction 
write 



Figure 22 Example of Busy Flag Check Timing Sequence 
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RS 
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Figure 23 Example of Interface to HD68B00 Using PIA (HD68B21) 
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• Interfacing to a 4-bit MPU 

The HD66702 can be connected to the I/O port 
of a 4-bit MPU. If the I/O port has enough 
bits, 8-bit data can be transferred. Otherwise, 
one data transfer must be made in two 
operations for 4-bit data. In this case, the 
timing sequence becomes somewhat complex. 
(See figure 24.) 



See figure 25 for an interface example to the 
HMCS43C. 

Note that two cycles are needed for the busy 
flag check as well as for the data transfer. The 
4-bit operation is selected by the program. 



RS 

R/W 

E 

Internal 
operation 

DB 7 



/ V 

r\T } r\rv r^rv_ 



Functioning 




Not 



V^^i^t/Z/J Busy \AC3 ^ busy /^^ >T^ ^ZVy 



Instruction 
write 



Busy flag 
check 



Busy flag 
check 



Instruction 
write 



Note: * IR 7 , IR3 are the 7th and 3rd bits of the instruction 
AC3 is the 3rd bit of the address counter 



Figure 24 Example of 4-Bit Data Transfer Timing Sequence 
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Figure 25 Example of Interface to HMCS43C 
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Interface to Liquid Crystal Display 

Character Font and Number of Lines: The 
HD66702 can perform two types of displays, 5x7 
dot and 5 x 10 dot character fonts, each with a 
cursor. 

Up to two lines are displayed for 5 x 7 dots and 
one line for 5 x 10 dots. Therefore, a total of three 



types of common signals are available (table 10). 

The number of lines and font types can be selected 
by the program. (See table 7, Instructions.) 

Connection to HD66702 and Liquid Crystal 
Display: See figure 26 for the connection 
examples. 



Table 10 Common Signals 






Number of Lines Character Font 


Number of Common Signals 


Duty Factor 


1 5x7 dots + cursor 


8 


1/8 


1 5x10 dots + cursor 


11 


1/11 


2 5x7 dots + cursor 


16 


1/16 





HD66702 
COMi 

COM 8 
SEGi 

SEG100 



Example of a 5x7 dot, 20-character x 1-line display (1/4 bias, 1/8 duty cycle) 
HD66702 

comi — ||{j{ i 

SEG1 M 

SEG100 ' 

Example of a 5 x10 dot, 20-character x 1-line display (1/4 bias, 1/8 duty cycle) 

Figure 26 Liquid Crystal Display and HD66702 Connections 
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Since five segment signal lines can display one 
digit, one HD66702 can display up to 20 digits for 
a 1-line display and 40 digits for a 2-line display. 

The examples in figure 26 have unused common 
signal pins, which always output non- 



selection waveforms. When the liquid crystal 
display panel has unused extra scanning lines, 
connect the extra scanning lines to these common 
signal pins to avoid any undesirable effects due to 
crosstalk during the floating state (figure 28). 



HD66702 



COMi 

COMe 
COM 9 

COMie 

SEGi 



SEG 



100 



Example of a 5 x7 dot, 20-character x 2-line display (1/5 bias, 1/16 duty cycle) 



Figure 27 Liquid Crystal Display and HD66702 Connections (cont) 



HD66702 



COM1 

COMe 
COM9 
SEG1 



SEG 100 



5x7 dot, 20-character x 1-line display (1/4 bias, 1/8 duty cycle) 



Figure 28 Using COM 9 to Avoid Crosstalk on Unneeded Scanning Line 
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Connection of Changed Matrix Layout: In the 
preceding examples, the number of lines 
correspond to the scanning lines. However, the 
following display examples (figure 29) are made 
possible by altering the matrix layout of the liquid 
crystal display panel. In either case, the only 
change is the layout. The display characteristics 



and the number of liquid crystal display characters 
depend on the number of common signals or on 
duty factor. Note that the display data RAM (DD 
RAM) addresses for 10 characters x 2 lines and 
for 40 characters x 1 line are the same as in 
figure 27. 



HD66702 

COM! ; ■— ^{{ j 1 lU jl 

c6m 8 

SEGi l | — -I I 

SEG 100 

COM 9 = =========^^ 

COM 16 : 

5x7 dot, 40-character x 1-line display 
(1/5 bias, 1/16 duty cycle) 

SEGi \ i 

SEGso | 

COMi | f 

COM 8 — -i 11111 1 - 



SEG51 Mj 

SEG100 

5x7 dot, 10-character x 2-line display 
(1/4 bias, 1/8 duty cycle) 

Figure 29 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal 
Display Drive 

Various voltage levels must be applied to pins 
Vj to V 5 of the HD66702 to obtain the liquid 
crystal display drive waveforms. The voltages 
must be changed according to the duty factor 
(table 11). 



v lcd is tne P eak value for the liquid crystal 
display drive waveforms, and resistance dividing 
provides voltages Vj to V 5 (figure 30). 



Table 11 Duty Factor and Power Supply for Liquid Crystal Display Drive 

Duty Factor 





1/8, 1/11 


1/16 






Bias 


Power Supply 


1/4 


1/5 


Vi 


Vcc-1/4V LC d 


V C c-1/5V LCD 


v 2 


V C cH/2V LCD 


Vcc-2/5 V LCD 


v 3 


Vcc-1/2V LCD 


Vcc-3/5 V LCD 


v 4 


V CC ~3/4V LCD 


V cc -4/5 V LCD 


v 5 


V CC~ V LCD 


V CC- V LCD 



Vcc 
Vi 



v, - 1 



'3 

v 4 



1/4 bias 

(1/8, 1/11 duty cycle) 



; (+5V) 



Vlcd 



Vcc 
Vi 
V 2 



1/5 bias 

(1/16, duty cycle) 



:(+6V) 



Vlcd 



Figure 30 Drive Voltage Supply Example 
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Relationship between Oscillation 
Frequency and Liquid Crystal Display 
Frame Frequency 

The liquid crystal display frame frequencies of frequency is 320 kHz (one clock pulse of 
figure 31 apply only when the oscillation 3.125 jis). 



1/8 duly cycle 



COM1 
Vcc 

V 2 (V 3 ) 



400 clocks 





1 


2 | 3 | 4 


| 8 


1 


2 I 



























- 1 frame - 



1 frame = 3.125 us x 400 x 8 = 10000 us = 10 ms 

Frame frequency = — - — = 100 Hz 
10 ms 



1/11 duty cycle 



COM1 



400 clocks 



V 2 (V 3 ) 



- 1 frame - 



1 frame = 3.125 us x 400 x 11 = 13750 us = 13.75 ms 



Frame frequency = 
1/16 duty cycle 



= 72.7 Hz 



COM1 



1 



13.75 ms 

- 200 clocks 
3 



- 1 frame - 



1 frame = 3.125 us x 200 x16 = 10000 us s 10 ms 

Frame frequency = — ! — = 100 Hz 
10 ms 



16 



Figure 31 Frame Frequency 
HITACHI 
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Connection with HD44100 Driver 

By externally connecting an HD44100 liquid 
crystal display driver to the HD66702, the number 
of display digits can be increased. The HD44100 
is used as a segment signal driver when connected 
to the HD66702. The HD44100 can be directly 
connected to the HD66702 since it supplies CL lt 
CL2, M, and D signals and power for the liquid 
crystal display drive (figure 32). 

Caution: The connection of voltage supply pins 
through V 6 for the liquid crystal 
display drive is somewhat complicated. 
The EXT pin must be fixed low if the 
HD44100 is to be connected to the 
HD66702. 



Up to eight HD44100 units can be connected for a 
1-line display (duty factor 1/8 or 1/11) and up to 
three units for a 2-line display (duty factor 1/16). 
The RAM size limits the HD66702 to a maximum 
of 80 character display digits. The connection 
method for both 1-line and 2-line displays or for 
5x7 and 5 x 10 dot character fonts can remain the 
same (figure 32). 
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Figure 32 Example of Connecting HD44100Hs to HD66702 
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Instruction and Display Correspondence 

• 8-bit operation, 20-digit x 1-line display with 
internal reset 

Refer to table 12 for an example of an 
8-bit x 1-line display in 8-bit operation. The 
HD66702 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, as explained before, the RAM 
can be used for displays such as for advertising 
when combined with the display shift 
operation. 

Since the display shift operation changes only 
the display position with DD RAM contents 
unchanged, the first display data entered into 
DD RAM can be output when the return home 
operation is performed. 

• 4-bit operation, 20-digit x 1-line display with 
internal reset 

The program must set all functions prior to the 
4-bit operation (table 13). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DB to DB 3 are not 
connected, a rewrite is then required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 13). 
Thus, DB 4 to DB 7 of the function set 
instruction is written twice. 



• 8-bit operation, 20-digit x 2-line display 

For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 20 characters in the first 
line, the DD RAM address must be again set 
after the 20th character is completed. (See 
table 14.) Note that the display shift operation 
is performed for the first and second lines. In 
the example of table 14, the display shift is 
performed when the cursor is on the second 
line. However, if the shift operation is 
performed when the cursor is on the first line, 
both the first and second lines move together. 
If the shift is repeated, the display of the 
second line will not move to the first line. The 
same display will only shift within its own line 
for the number of times the shift is repeated. 

Note: When using the internal reset, the electrical 
characteristics in the Power Supply 
Conditions Using Internal Reset Circuit 
table must be satisfied. If not, the 
LCD-II/E20 must be initialized by 
instructions. (Because the internal reset 
does not function correctly when Vcc is 
3 V, it must always be initialized by 
software.) See the section, Initializing by 
Instruction. 
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Table 12 8-Bit Operation, 20-Digit x 1-Line Display Example with Internal Reset 



Step Instruction 
No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Display Operation 



1 Power supply on (the HD66702 is initialized by r- 
the internal reset circuit) L 



Initialized. No display. 



Function set 




1 1 



Sets to 8-bit operation and 
selects 1 -line display and 
character font. (Number of 
display lines and character 
fonts cannot be changed after 
step #2.) 



3 Display on/off control 

1 1 1 



Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 



4 Entry mode set 

0000 0001 1 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



5 Write data to CG RAM/DD RAM 

1 1 1 



Writes H. DD RAM has 
already been selected by 
initialization when the power 
Was turned on. 
The cursor is incremented by 
one and shifted to the right. 



6 Write data to CG RAM/DD RAM 

1 1 1 1 



HI 



Writes I. 



Write data to CG RAM/DD RAM 

1 1 1 



HITACHI 



Writes I. 



Entry mode set 
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Sets mode to shift display at 
the time of write. 



1 Write data to CG RAM/DD RAM 

1 000100000 



ITACHI 



Writes a space. 



316 



HITACHI 



HD66702 



Table 12 8-Bit Operation, 20-Digit x 1-Line Display Example with Internal Reset (cont) 
step Instruction 

No. RS R/WDB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB, DB Display Operation 

11 Write data to CG RAM/DD RAM . , Writes M. 



12 



13 


Write data to CG RAM/DD RAM 
1 1 1 


1 


1 


1 


| MICROKO_ 


-i Writes O. 


14 


Cursor or display shift 



1 








* 


* 


| MICROKO 


-j Shifts only the cursor position 
-1 to the left. 


15 


Cursor or display shift 



1 








* 


* 


| MICROKO 


-i Shifts only the cursor position 
-1 to the left. 


16 


Write data to CG RAM/DD RAM 
1 1 





1 


1 


| ICROCO 


-i Writes C over K. 

-1 The display moves to the left. 


17 


Cursor or display shift 



1 


1 


1 


* 


* 


| MICROCO 


-i Shifts the display and cursor 
-1 position to the right. 


18 


Cursor or display shift 



1 





1 


* 




| MICROCO_ 


-i Shifts the display and cursor 
-1 position to the right. 


19 


Write data to CG RAM/DD RAM 
1 1 1 


1 





1 


| ICROCOM, 


-. Writes M. 



20 



21 Return home I uitapmi 1 Returns °° tn display and cursor 

0000000010 I Q |TACHI 1 to the original position 

(address 0). 
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Table 13 4-Bit Operation, 20-Digit x 1-Line Display Example with Internal Reset 



Instruction 



Step 

No. RS R/W DB 7 DB 6 DB 5 DB 4 



Display 



Operation 



1 Power supply on (the HD66702 is initialized by 
the internal reset circuit) 



Initialized. No display. 



Function set 




Sets to 4-bit operation. 
In this case, operation is 
handled as 8 bits by initializa- 
tion, and only this instruction 
completes with one write. 



Function set 

1 

* 



Sets 4-bit operation and selects 
1 -line display and 5 x 7 dot 
character font. 4-bit operation 
starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.) 



Display on/off control 



1110 



Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 



Entry mode set 



1 1 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



Write data to CG RAM/DD RAM 
10 10 
10 10 



Writes H. 

The cursor is incremented by 
one and shifts to the right. 



Note: The control is the same as for 8-bit operation beyond step #6. 
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Table 14 8-Bit Operation, 20-Digit x 2-Line Display Example with Internal Reset 
Instruction 

Operation 



Stop 



No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Display 



1 Power supply on (the HD66702 is initialized by 
the internal reset circuit) 



Initialized. No display. 



2 Function set 

1 1 1 * * 



Sets to 8-bit operation and 
selects 2-line display and 
5 x 7 dot character font. 



3 Display on/off control 

1 1 1 



Turns on display and cursor. 
All display is in space mode 
because of initialization. 



4 Entry mode set 

00000001 10 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 



5 Write data to CG RAM/DD RAM 

1 1 1 



7 Write data to CG RAM/DD RAM 

1 1 1 1 



Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. The cursor is 
incremented by one and shifted 
to the right. 
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Writes I. 



8 Set DD RAM address 

001 100000 
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Sets RAM address so that the 
cursor is positioned at the head 
of the second line. 
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Table 14 8-Bit Operation, 20-Digit x 2-Line Display Example with Internal Reset (cont) 
Instruction 

Operation 



Step 



No. RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB Display 



9 Write data to CG RAM/DD RAM 

1 1 1 1 



1 
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M 



Writes M. 



10 



1 1 Write data to CG RAM/DD RAM 

1 1 1 1 1 1 
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Writes O. 



12 Entry mode set 

1 1 1 
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Sets mode to shift display at 
the time of write. 



1 3 Write data to CG RAM/DD RAM 

1 1 1 1 1 
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Writes M. Display is shifted to 
the right. The first and second 
lines both shift at the same time. 



14 



15 Return home 

00000000 
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Returns both display and cursor 
to the original position 
(address 0). 
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Initializing by Instruction 



If the power supply conditions for correctly 
operating the internal reset circuit are not met, 
initialization by instructions becomes necessary. 



Refer to figures 33 and 34 for the procedures on 
8-bit and 4-bit initializations, respectively. 



Q Power on ^ 



Wait for mor 
after V cc ri 


9 than 15 ms 
ses to 4.5 V 






RS R/WDB 7 DBe DB 5 DB 4 DB3 DB2 DB1 DBo 
1 1 * * * * 






Wait for more than 4.1 ms 






RS R/WDB7 DBe DB 5 DB 4 DB3 DB2 DB^ DBq 

000011**** 






Wait for more than 100 |js 






RS R/WDB7DB6DB5 
1 


DB 4 DB3 DB2 DBi DBo 
-j * * * * 



Wait for more than 40 ms 
after Vcc r ' ses t0 2.7 V 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 



RS R/WDB7 DBeDBs 
1 


DB 4 DB3 DB2 DB1 DBq 
1 N F * * 


0000001000 


00000 00001 





1 l/D S 



Function set (Interface is 8 bits long. Specify the 
number of display lines and character font.) 
The number of display lines and character font 
cannot be changed after this point. 

Display off 

Display clear 

Entry mode set 



Initialization ends 

Note: * Since the internal reset does not function correctly at 3 V, the HD66702 must be initialized by instructions. 



Figure 33 8-Bit Interface 
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c 



Power on 



3 



Wait for more than 15 ms 
after V cc rises to 4.5 V 



RS R/WDB7DB6DB5DB4 
1 1 



Wait for more than 4.1 ms 



RS FVWDB7 DBg DB5 DB 4 
1 1 



Wait for more than 100 us 



RS R/W DB7 DBe DB5 DB 4 
1 1 






RS R/WDB7 DBe DB 5 DB 4 
1 





1 


N 


F * * 








1 














1 











1 l/D S 



Wait for more than 40 ms 
after Vcc " ses to 2.7 V 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 



Function set (Set interface to be 4 bits long.) 
Interface is 8 bits in length. 

Function set (Interface is 4 bits long. Specify the 
number of display lines and character font.) 
The number of display lines and character font 
cannot be changed after this point. 

Display off 

| Display clear 

Initialization ends Entr Y mode set 

Note: * Since the internal reset does not function correctly at 3 V, the HD66702 must be initialized by instructions. 



Figure 34 4-Bit Interface 
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[Low voltage version] 
Absolute Maximum Ratings* 



Item 


Symbol 


Unit 


Value 


Notes 


Power supply voltage (1 ) 


Vcc 


V 


-0.3 to +7.0 


1 


Power supply voltage (2) 


Vcc-V 5 


V 


-0.3 to +7.0 


2 


Input voltage 


v t 


V 


-0.3 to V cc +0.3 


1 


Operating temperature 


Topr 


°c 


-20 to +75 


3 


Storage temperature 


T Stfl 


°c 


-55 to +125 


4 



Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. 



DC Characteristics (V cc = 2.7 to 5.5 V, T a = -20 to +75°C*3) 



Item 


Symbol 


Mln 


•VP 


Max 


unit 


Test Condition 


Notes* 


lata*..* La. ! ...U.-. f A \ 

Input high voltage (1 ) 
(except OSC^ 


V|H1 


0.7V CC 




Vcc 


V 




6, 17 


Input low voltage (1 ) 
(except OSC^ 


V|L1 


-0.3 




0.55 


V 




6, 17 


Input high voltage (2) 
(OSCi) 


V,H2 


0.7V CC 





Vcc 


V 




15 


Input low voltage (2) 
(OSC0 


V|L2 






0.2V C c 


V 




15 


Output high voltage (1) 
(D -D 7 ) 


V H1 


0.75V CC 






V 


-Iqh 88 0-1 n^A 


7 


Output low voltage (1) 
(D -D 7 ) 


V L1 






0.2V CC 


V 


Iql "0.1 mA 


7 


Output high voltage (2) 
(except D -D 7 ) 


V OH2 


0.8V CC 






V 


-l 0H = 0.04 mA 


8 


Output low voltage (2) 
(except D -D 7 ) 


V L2 






0.2V CC 


V 


Iql - 0.04 mA 


8 


Driver on resistance 
(COM) 


R COM 






20 


ktt 


±ld . 0.05 mA (COM) 


13 


Driver on resistance 
(SEG) 


R SEG 






30 


kQ 


±ld - 0.05 mA (SEG) 


13 


Input leakage current 




-1 




1 


HA 


V| N «0toV cc 


9 


Pull-up MOS current 
(RS, R/W) 


-lp 


10 


50 


120 


uA 


V CC »3V 




Power supply current 


Ice 




0.15 


0.30 


mA 


R f oscillation, 
external clock 
V CC -3V > fosc-270 kHz 


10,14 


LCD voltage 


V LCD1 


3.0 




7.0 


V 


Vcc-Vs. 1/5 bias 


16 




V LCD2 


3.0 




7.0 


V 


V CC -V 5 , 1/4 bias 


16 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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AC Characteristics (V cc = 3 V ±10%, T a = -20 to +75°C*3) 
Clock Characteristics 



Item 




Symbol 


Min 


TVp 


Max 


Unit 


Test Condition Notes* 


External 


External dock frequency 




125 


270 


410 


kHz 


11 


clock 
operation 


External clock duty 


Duty 


45 


50 


55 


% 




External clock rise time 


trcp 






0.2 


\xs 






External clock fall time 


tfcp 






0.2 


[IS 




Rf 

oscillation 


Clock oscillation frequency 


fosc 


220 


320 


420 


kHz 


R f = 56kfl 12 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 



Bus Timing Characteristics 
Write Operation 



Item 


Symbol 


Min 




Max 


Unit 


Test Condition 


Enable cycle time 


tcycE 


1000 






ns 


Figure 35 


Enable pulse width (high level) 


PW EH 


450 










Enable rise/fall time 


ten tef 






25 






Address set-up time (RS, R/W to E) t AS 


40 










Address hold time 


tAH 


20 










Data set-up time 




195 










Data hold time 




10 










Read Operation 
Item 


Symbol 


Min 


TVp 


Max 


Unit 


Test Condition 


Enable cycle time 


tcycE 


1000 






ns 


Figure 36 


Enable pulse width (high level) 


PW EH 


450 










Enable rise/fall time 


ten tef 






25 






Address set-up time (RS, R/W to E) 


tAS 


40 










Address hold time 


tAH 


20 










Data delay time 


tDDR 






350 






Data hold time 


tDHR 


20 
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Interface Timing Characteristics with External Driver 



Item 


Symbol 


Mln 




Max Unit 


Test Condition 


Clock pulse width High level 


*CWH 


800 


— 


— ns 


Figure 37 


Low level 




800 








Clock set-up time 


tcsu 


500 








Data set-up time 


feu 


300 








Data hold time 


*dh 


300 








M delay time 


*DM 


-1000 




1000 




Clock rise/fall time 


tct 






200 




Power Supply Conditions Using Internal Reset Circuit 




Item 


Symbol 


Min 




Max Unit 


Test Condition 


Power supply rise time 




0.1 




10 ms 


Figure 38 


Power supply off time 


tQFF 


1 








[Standard voltage version] 












Absolute Maximum Ratings* 










Hern 


Symbol 


Unit 




Value 


Note 


Power supply voltage (1 ) 


Vcc 


V 




-0.3 to +7.0 


1 


Power supply voltage (2) 


V C c-V 5 


V 




-0.3 to +7.0 


2 


Input voltage 


v t 


V 




-0.3 to V cc +0.3 


1 


Operating temperature 


Topr 


°c 




-20 to +75 


3 


Storage temperature 


Tstg 


°c 




-55 to +125 


4 



Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. Refer to the Electrical Characteristics Notes section following these tables. 
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DC Characteristics (V cc = 5 V ±10%, T a = -20 to +75°C*3) 



Item 


Symbol 


Min 


TVp 


Max 


Unit 


Test Condition 


Notes* 


Input high voltage (1) 
(except OSCi) 


V|H1 


2.2 




Vcc 


V 




6,17 


Input low voltage (1) 
(except OSC^ 


V||_1 


-0.3 




0.6 


V 




6,17 


Input high voltage (2) 

(osco 


V, H2 


Vcc-1.0 




Vcc 


V 




15 


Input low voltage (2) 
(OSCi) 


V|L2 






1.0 


V 




15 


Output high voltage (1 ) 
(D -D 7 ) 


V H1 


2.4 






V 


-Iqh ■ 0-205 mA 


7 


Output low voltage (1 ) 
(P -D 7 ) 


V L1 






0.4 


V 


l 0L « 1 .6 mA 


7 


Output high voltage (2) 
(except D -D 7 ) 


VoH2 


0.9 V cc 






V 


-Ioh • 04 mA 


8 


Output low voltage (2) 
(except D ~D 7 ) 


V L2 


— 


— 


0.1 V cc 


V 


Iql * 0.04 mA 


8 


Driver on resistance 
(COM) 


R COM 






20 


ktt 


±ld m 0.05 mA (COM) 


13 


Driver on resistance 
(SEG) 


RsEG 






30 


ktt 


±ld - 0.05 mA (SEG) 


13 


Input leakage current 


tl 


-1 


— 


1 


HA 


V|N-0toVcc 


9 


Pull-up MOS current 
(RS, R/W) 


-'p 


50 


125 


250 


uA 


V CC -5V 




Power supply current 


•cc 




0.35 


0.60 


mA 


R f oscillation, 10,14 

external clock 

V cc - 5 V, f osc - 270 kHz 


LCD voltage 


V LCD1 


3.0 




7.0 


V 


V C c"-V 5 , 1/5 bias 


16 




V LCD2 


3.0 




7.0 


V 


V cc-V 5 , 1/4 bias 


16 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 



AC Characteristics (V cc = 5 V ±10%, T a = -20 to +75°C*3) 
Clock Characteristics 

Item Symbol Min Typ Max Unit Test Condition Notes* 



External External clock frequency f cp 125 270 410 kHz 11 

olock External clock duty Duty 45 50 55 % 17 
operation : L- 

External clock rise time t rcp — — 0.2 [is 11 
External clock fall time tf Cp — — 0.2 |is 11 



R f Clock oscillation frequency f Q sc 220 320 420 kHz R f = 68kQ 12 

oscillation 

Note: * Refer to the Electrical Characteristics Notes section following these tables. 
„ A HITACHI 
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Bus Timing Characteristics 
Write Operation 

Item Symbol Mln iyp Max Unit Test Condition 

Enable cycle time tcycE 1000 — ~ ns Figure 35 



Enable pulse width (high level) 


PW EH 


450 — 




Enable rise/fall time 


X Er> *Ef 




25 


Address set-up time (RS, R/W to E) 


Us 


40 — 




Address hold time 


Uh 


10 — 




Data set-up time 


tosw 


195 — 




Data hold time 


t H 


10 — 





Read Operation 

Item Symbol Min iyp Max Unit Test Condition 

Enable cycle time t^g 1000 — — ns Figure 36 



Enable pulse width (high level) 


PW EH 


450 — 




Enable rise/fall time 






25 


Address set-up time (RS, R/W to E) 


Us 


40 — 




Address hold time 


Uh 


10 — 




Data delay time 


*DDR 




320 



Data hold time t DHR 20 — — 

Interface Timing Characteristics with External Driver 

Item Symbol Min iyp Max Unit Test Condition 

Clock pulse width High level tcwH 800 — — ns Figure 37 



Low level tcwL 800 



Clock set-up time 


fcsu 


500 — 




Data set-up time 


tsu 


300 — 




Data hold time 


X DH 


300 — 




M delay time 


*DM 


-1000 — 


1000 


Clock rise/fall time 


tct 




100 



Power Supply Conditions Using Internal Reset Circuit 

Item Symbol Min Typ Max Unit Test Condition 

Power supply rise time t^c 0.1 — 10 ms Figure 38 

Power supply off time toFF 1 — — 
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Electrical Characteristics Notes 

1 . All voltage values are referred to GND = V. 

2. V cc > Vi > V 2 > V 3 > V 4 > V 5 must be maintained. 

3. For die products, specified up to 75°C. 

4. For die products, specified by the die shipment specification. 

5. The following four circuits are I/O pin configurations except for liquid crystal display output 



Input pin 

Pin: E (MOS without pull-up) 



PMOS 




NMOS 



I/O Pin 

Pins: DB -DB 7 
(MOS with pull-up) 

(pull-up MOS) 



Pins: RS, R/W (MOS with pull-up) 
Vcc Vcc 



Output pin 

Pins: CL.LCI2, M, D 



PMOS 



PMOS 



(pull up MOS) 




NMOS 




NMOS 



Vcc 

y (input circuit) 




Input enable 



Output 
enable data 



(output circuit) 
(tristate) 
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6. Applies to input pins and I/O pins, excluding the OSC\ pin. 

7. Applies to I/O pins. 

8. Applies to output pins. 

9. Current flowing through pull-up MOSs, excluding output drive MOSs. 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 
level must be fixed high or low. 

11. Applies only to external clock operation. 



Oscillator 


osq 


Open 


OSCg 



0.7 V cc 
0.5 V cc 
0.3 Vcc 



Duty: 




Th + Tl 



x 100% 



12. Applies only to the internal oscillator operation using oscillation resistor R f . 



osc. 



osc 2 



R f : 56 kfl ± 2% (when V C c - 3 V) 
R f : 68 kQ ± 2% (when V C c - 5 V) 

Since the oscillation frequency varies depending on the OSC 1 and 

OSC 2 pin capacitance, the wiring length to these pins should be minimized. 
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13. Rcom * s *h e resistance between the power supply pins (V cc , V h V 4 , V 5 ) and each common 
signal pin (COM! to COM 16 ). 

R SE G is the resistance between the power supply pins (V<x» V3, V5) and each segment signal pin 
(SEGj to SEG100). 



14. The following graphs show the relationship between operation frequency and current consumption. 

Vcc =5V V cc =3 V 




100 200 300 400 500 100 200 300 400 500 



f osc or f cp (kHz) f osc or f ^ (kHz) 

15. Applies to the OSC 1 pin. 

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (V co V 2 , V 3 , V 4 , V 5 ) 
when there is no load. 

17. The TEST pin should be fixed to GND and the EXT pin should be fixed to V cc or GND. 
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Load Circuits 
Data Bus DB to DB 7 

For V cc - 5 V 
Test 



V cc - 5 V 
Q 

: 2.4 kQ 



point ° 

90 pF 



r 



:11 kfl 



IS2074 
diodes © 



For V cc - 3 V 

Test 
point ° 



50 pF 



Segment Extension Signals 



Test 
point 



30 pF zz 



7TT 
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Timing Characteristics 



RS 



R/W 



DB to DB 7 



X 



V|L1 



"^H1 
V|L1 



tAS 



V,L1 



PW EH 



V,H1 
V|L1 



V|H1 
V| L 1 



-t E r 



tDSW 



tAH 



X 



yC7 



tAH 



-t E f 



tH 



Valid data 



V|H1 
V|L1 



tcycE 



Figure 35 Write Operation 



RS 



R/W 



DB to DB 7 



X 



V,H1 



V IH1 



X 



tAS 



V|H1 



PW EH 



V|H1 

V,L1 
— t Er 
tDDR 



V,H1 
V,L1 



\ 



tAH 



V,H1 



tAH 



"tEf 



tDHR 



VoH1 
V0L1 



Valid data y™ 1 ' 

tcycE 



K 
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Figure 37 Interface Timing with External Driver 



2.7V/4.5V* 



0.2 V 




0.2 V 0.2 V; 




0.1 ms < t rcc < 10 ms 



toFF ^1 ms 



Notes: 1 . t Q FF compensates for the power oscillation period caused by momentary power 
supply oscillations. 

2. Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation. 

3. When the above condition cannot be satisfied, the internal reset circuit 
will not operate normally. 

In this case, the LSI must be initialized by software. (Refer to the Initializing 
by Instruction section.) 



Figure 38 Internal Power Supply Reset 
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HD66710 (LCD-II/F8) 

(Dot Matrix Liquid Crystal Display 

Controller/Driver) - Preliminary - 



Description 

The LCD-II/F8 (HD66710) dot-matrix liquid 
crystal display controller and driver LSI displays 
alphanumerics, numbers, and symbols. It can be 
configured to drive a dot-matrix liquid crystal 
display under the control of a 4- or 8-bit 
microprocessor. Since all the functions such as 
display RAM, character generator, and liquid 
crystal driver, required for driving a dot-matrix 
liquid crystal display are internally provided on 
one chip, a minimum system can be interfaced 
with this controller/driver. 

A single LCD-II/F8 is capable of displaying a 
singlel6-character line, two 16-character lines, or 
up to four 8-character lines. 

The LCD-II/F8 software is upwardly compatible 
with the LCDII (HD44780) which allows the user 
to easily replace an LCD-II with an HD66710. In 
addition, the HD66710 is equipped with functions 
such as segment displays for icon marks, a 4-line 
display mode, and a horizontal smooth scroll, and 
thus supports various display forms. This achieves 
various display forms. The HD66710 character 
generator ROM is extended to generate 240 5 x8 
dot characters. 

The low voltage version (2.7 V) of the HD66710, 
combined with a low power mode, is suitable for 
any portable battery-driven product requiring low 
power dissipation. 



Features 

• 5 x 8 dot matrix possible 

• Low power operation support: 
— 2.7 V to 5.5 V (low voltage) 



• Booster for liquid crystal voltage 

— Two/three times (13 V max.) 

• Wide range of liquid crystal display driver 
voltage 

— 3.0 V to 13 V 

• Extension driver interface 

• High-speed MPU bus interface 
(2 MHz at 5-V operation) 

• 4-bit or 8-bit MPU interface capability 

• 80 x 8-bit display RAM (80 characters max.) 

• 9,600-bit character generator ROM 

— 240 characters (5x8 dot) 

• 64 x 8-bit character generator RAM 

— 8 characters (5 x 8 dot) 

• 8 x 8-bit segment RAM 

— 40-segment icon mark 

• 3 3 -common x 40-segment liquid crystal 
display driver 

• Programmable duty cycle 
(See list 1) 

• Wide range of instruction functions: 

— Functions compatible with LCD-II: 
Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

— Additional functions: Icon mark control, 4- 
line display, horizontal smooth scroll, 6-dot 
character width control, white-black 
inverting blinking cursor. 

• Software upwardly compatible with HD44780. 

• Automatic reset circuit that initializes the 
controller/driver after power on 

• Internal oscillator with an external resistor 

• Low power consumption 
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List 1 Programmable Duty Cycles 



Number of Displayed 
Lines Duty Ratio Character 



Maximum Number of Displayed Characters 
Single-chip Operation With Extention Driver 



1 


1/17 


5 x 8-dot 


One 16-character 
line + 40 segments 


One 50-character 
line + 40 segments 


2 


1/33 


5 x 8-dot 


Two 16-character 
lines + 40 segments 


Two 30-character 
lines + 40 segments 


4 


1/33 


5 x 8-dot 


Four 8-character 
lines + 40 segments 


Four 20-character 
lines + 40 segments 



Ordering Information 



type No. 


Package 


HD66710***FS 


100-pin plastic QFP (FP-100A) 


HCD66710*** 


Chip 



Note: *** - ROM code No. 
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LCD-II Family Comparison 



Item 


LCD-II 
(HD44780U) 


LCD-II/E20 
(HD66702) 


LCD-II/F8 
(HD66710) 


Power supply voltage 


2.7 V to 5.5 V 


5V±10% 
(standard) 

2.7 V to 5.5 V 
(low voltage) 


2.7 V to 5.5 V 


Liquid crystal drive 
voltage V LCD 


3.0 V to 11 V 


3.0 V to 7.0 V 


3.0 V to 13.0 V 


Maximum display 
digits per chip 


8 characters 
x 2 lines 


20 characters 
x 2 lines 


1 6 characters x 2 lines/ 
8 characters x 4 lines 


Segment display 


None 


None 


40 segments 


Display duty cycle 


1/8, 1/11, and 1/16 


1/8, 1/11, and 1/16 


1/17 and 1/33 


CGROM 


9,920 bits 
(208: 5 x 8 dot 
characters and 
32: 5x10 dot 
characters) 


7,200 bits 
(160:5x7dot 
characters and 
32: 5x10 dot 
characters) 


9,600 bits 
(240: 5 x 8 dot 
characters) 


CGRAM 


64 bytes 


64 bytes 


64 bytes 


DDRAM 


80 bytes 


80 bytes 


80 bytes 


SEGRAM 


None 


None 


8 bytes 


Sonmarvt <?innal<5 


40 


100 


40 


Common signals 


16 


16 


33 


Liquid crystal drive waveform 


A 


B 


B 


Bleeder resistor for LCD 
power suddIv 


External 
(adjustable) 


External 
(adjustable) 


External 
(adjustable) 


Clock source 


External resistor, 
or external clock 


External resistor or 
external clock 


External resistor or 
external clock 


Rf oscillation frequency 
(frame frequency) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/1 6 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


320 kHz ±30% 
(70 to 130 Hz for 1/8 
and 1/16 duty cycles; 
51 to 95 Hz for 1/11 
duty cycle) 


270 kHz ±30% 

(56 to 103 Hz for 1/17 

duty cycle; 

57 to 106 Hz for 1/33 

duty cycle) 


Rf resistance 


91 kQ (5-V operation) 
75 ka (3-V operation) 


68 kQ (5-V operation) 
56 kQ (3-V operation) 


91 kQ (5-V operation) 
75 kft (3-V operation) 


Liquid crystal voltage 
booster circuit 


None 


None 


2-3 times step-up circuit 
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LCD-II Family Comparison (cont) 



Hem 


LCD-II 
(HD44780U) 


LCD-II/E20 
(HD66702) 


LCD-II/F8 
(HD66710) 


Extention driver 
control signal 


Independent 
control signal 


Independent 
control signal 


Used in common with a 
driver output pin 


Instructions 


LCD-II (HD44780) 


Fully compatible with 
the LCD-II 


Upper compatible with 
the LCD-II 


Number of displayed 
lines 


1 or2 


1 or 2 


1.2, or 4 


Low power mode 


None 


None 


Available 


Horizontal scroll 


Character unit 


Character unit 


Dot unit 


CPU bus timing 


2 MHz (5-V operation) 
1 MHz (3-V operation) 


1 MHz 


2 MHz (5-V operation) 
1 MHz (3-V operation) 


Package 


QFP1 420-80 
80-pin bare chip 


LQFP2020-144 
144-pin bare chip 


QFP1 420-1 00 
1 00-pin bare chip 
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HD66710 Block Diagram 



OSC1 OSC2 



Reset circuit 
ACL 



Timing generator 



R/W - 
E - 



MPU 
interface 



Input/ 
output 
buffer 



Instruction register 
(IR) 





Instruction 




decoder 



Address counter 



Data 
egistei 
(DR) 



Busy 
flag 



C1 
C2 



,'3 



Segment 

RAM 
(SGRAM) 
8 bytes 



Display data RAM 
(00 RAM) 
80x8 bits 



Character 
generator RAM 
(CGRAM) 
64 bytes 



Character 
generator ROM 
(CGROM) 
9,600 bytes 



Vcc 



33-bit 
shift 


Common 
signal 


register 


driver 



40-bit 
shift 
register 



40-bit 
latch 
circuit 



COM1- 
COM33 



Segment 
signal 
driver 



Cursor and 
bling 



Parallel/serial 
converter 
and attribute circuit 



A A AAA 

V1 V2 V3 V4 V5 
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HD66710 Pin Arrangement 



SEG27 
SEG28 
SEG29 
SEG30 
SEG31 
SEG32 
SEG33 
SEG34 
SEG35 
SEG36 
SEG37/CL1 
SEG38/CL2 
SEG39/D 
SEG40/M 
COM9 
COM10 
COM11 
COM12 
COM13 
COM14 
COM15 
COM16 
COM25 
COM26 
COM27 
COM28 
COM29 
COM30 
COM31 
COM32 



(O 10 ^ 

CM CM CM 

ooo 

UJ LU lil 
CO CO CO 



CO CM 

CM C\ 

o c 

UJ UJ 

CO CO 



T-ooioos(omTfn<vro 

(\)Wr-r-T-r-i-r-r-r-r-T-O)C0N 

OOOOOOOOOOOOO'OO 

III UJ LU 111 III UJ LLI Ml 111 Lil UJ UJ IH Ul ill 
COCOCOCOCOCOCOCOCOCOCOCOCOCOCO 



Q 



QD 



100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



LCD-II/F8 



80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 



31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 



JSEG6 
1SEG5 
] SEG4 
] SEG3 
ISEG2 
]SEG1 

Ivcc 

I TEST 
I EXT 
I DB7 
I DB6 
] DB5 
] DB4 
I DB3 
] DB2 
] DB1 
)DB0 
I E__ 
I R/W 
)RS 
IOSC2 
)OSC1 
I Vci 
IC2 
IC1 
IGND 
I V50UT2 
I V50UT3 
I V5 
I V4 



^rcocMr-oocosoosco 

CMCMCMCMCMt-^-t-555 

OOOOOOOOooo 
OOOOOOOO 



j j CO 2 

o o o o 
o o o o 



t- CO r- CM CO 

2 4 > > > 

81 



Top View 
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HD66710 Pad Arrangement 



Chip size (XxY) : 5.63 mm x 6.06 mm 
Coordinate : Pad center 
Origin : Chip center 

Pad size (XxY) : 1 00 pm x 1 00 \im 



1 100 



29- 



-□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

■a 



□□□□□□□□□□□□□□□□ 



81 80 

u 



s 

Type code 



30 31 



□□□□□□□□□□□□□□□□□ 



50 51 



D- 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□- 
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HD66710 Pad Location Coordinates 



Pin No. 


Pad Name 


X 


Y 


1 


SEG27 


-2495 


2910 


2 


SEG28 


-2695 


2730 


3 


SEG29 


-2695 


2499 


4 


SEG30 


-2695 


2300 


5 


SEG31 


-2695 


2100 


6 


SEG32 


-2695 


1901 


7 


SEG33 


-2695 


1698 


8 


SEG34 


-2695 


1498 


g 


SEG35 


-2695 


1295 


10 


SEG36 


-2695 


1099 


11 


SEG37 


-2695 


900 


12 


SEG38 


-2695 


700 


13 


SEG39 


-2695 


501 


14 


SEG40 


-2695 


301 


15 


COM9 


-2695 


98 


16 


COM10 


-2695 


-113 


17 


COM11 


-2695 


-302 


18 


COM 12 


-2695 


-501 


19 


COM13 


-2695 


-701 


20 


COM14 


-2695 


-900 


21 


COM15 


-2695 


-1100 


22 


COM16 


-2695 


-1303 


23 


COM25 


-2695 


-1502 


24 


COM26 


-2695 


-1702 


25 


COM27 


-2695 


-1901 


26 


COM28 


-2695 


-2101 


27 


COM29 


-2695 


-2300 


28 


COM30 


-2695 


-2500 


29 


COM31 


-2695 


-2731 


30 


COM32 


-2495 


-2910 


31 


COM24 


-2051 


-2910 


32 


COM23 


-1701 


-2910 


33 


COM22 


-1498 


-2910 


34 


COM21 


-1302 


-2910 


35 


COM20 


-1102 


-2910 


36 


COM 19 


-899 


-2910 


37 


COM18 


-700 


-2910 


38 


COM17 


-500 


-2910 


39 


COM8 


-301 


-2910 


40 


COM7 


-101 


-2910 


41 


COM6 


99 


-2910 


42 


COM5 


302 


-2910 


43 


COM4 


502 


-2910 


44 


COM3 


698 


-2910 


45 


COM2 


887 


-2910 


46 


COM1 


1077 


-2910 


47 


COM33 


1266 


-2910 


48 


V1 


1488 


-2910 


49 


V2 


1710 


-2910 


50 


V3 


2063 


-2910 



Pin No. 


Pad Name 


X 


Y 


51 


V4 


2458 


-2910 


52 


V5 


2660 


-2731 


53 


V50UT3 


2660 


-2500 


54 


V50UT2 


2660 


-2300 


55 


GND 


2640 


-2090 


56 


C1 


2650 


-1887 


57 


C2 


2675 


-1702 


58 


Vci 


2675 


-1502 


59 


OSC1 


2675 


-1303 


60 


OSC2 


2675 


-1103 


61 


RS 


2675 


-900 


62 


R/W 


2675 


-701 


63 


E 


2675 


-501 


64 


DB0 


2675 


-302 


65 


DB1 


2675 


-99 


66 


DB2 


2675 


98 


67 


DB3 


2675 


301 


68 


DB4 


2675 


501 


69 


DB5 


2675 


700 


70 


DB6 


2675 


900 


71 


DB7 


2675 


1099 


72 


EXT 


2675 


1299 


73 


TEST 


2675 


1502 


74 


V cc 


2695 


1698 


75 


SEG1 


2695 


1901 


76 


SEG2 


2695 


2104 


77 


SEG3 


2695 


2300 


78 


SEG4 


2695 


2503 


79 


SEG5 


2695 


2730 


80 


SEG6 


2495 


2910 


81 


SEG7 


2049 


2910 


82 


SEG8 


1699 


2910 


83 


SEG9 


1499 


2910 


84 


SEG10 


1300 


2910 


85 


SEG11 


1100 


2910 


86 


SEG12 


901 


2910 


87 


SEG13 


701 


2910 


88 


SEG14 


502 


2910 


89 


SEG15 


299 


2910 


90 


SEG16 


99 


2910 


91 


SEG17 


-101 


2910 


92 


SEG18 


-301 


2910 


93 


SEG19 


-500 


2910 


94 


SEG20 


-700 


2910 


95 


SEG21 


-899 


2910 


96 


SEG22 


-1099 


2910 


97 


SEG23 


-1302 


2910 


98 


SEG24 


-1501 


2910 


99 


SEG25 


-1701 


2910 


100 


SEG26 


-2051 


2910 
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Pin Functions 



Table 1 Pin Functional Description 



Signal 


I/O 


Device 

Interfaced with 


Function 


RS 


1 


MPU 


Selects registers. 

0: Instruction register (for write) 

Busy flag: address counter (for read) 
1 : Data register (for write and read) 


R/W 


1 


MPU 


Selects read or write. 
0: Write 
1 : Read 


E 


1 


MPU 


Starts data read/Write 


DB4 to DB7 


I/O 


MPU 


Four high order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the HD66710. 
DB7 can be used as a busy flag. 


DbO to Udo 


l/u 


MrU 


Four low order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the HD66710. 
These pins are not used during 4-bit operation. 


COM1 to COM33 


O 


LCD 


Common signals; those are not used become non- 
selected waveforms. At 1/17 duty rate, COM1 to 
COM1 6 are used for character display, COM1 7 for icon 
display, and COM 18 to COM33 become non-selected 
waveforms. At 1/33 duty rate, COM1 to COM32 are 
used for character display, and COM33 for icon display. 


SEG1 to SEG36 


O 


LCD 


Segment signals 


SEG36 


o 


LCD 


Segment signal. When EXT = high, the same data as 
that of the first dot of the extension driver is output. 


SEG37/CL1 


o 


LCD/ 

Extension driver 


Segment signal when EXT - low. When EXT « high, 
outputs the extension driver latch pulse. 


SEG38/CL2 


o 


LCD/ 

Extension driver 


Segment signal when EXT = low. When EXT = high, 
outputs the extension driver shift clock. 


SEG39/D 





LCD/ 

Extension driver 


Segment signal at EXT = low. At EXT = high, the 
extension driver data. Data on and after the 36th 
dot is output. 


SEG40/M 


o 


LCD/ 

Extension driver 


Segment signal when EXT > low. When EXT = high, 
outputs the extension driver AC signal. 


EXT 


1 




Extension driver enable signal. When EXT » high, 
SEG37 to SEG40 become extension driver interface 
signals. At this time, make sure that V5 level is lower 
than GND level (0 V). V5 (low) < GND (high). 


V1 to V5 




Power supply 


Power supply for LCD drive 
V cc -V5 = 13V(max) 
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Table 1 Pin Functional Description (cont) 




Signal 


I/O 


Device 

Interfaced with 


Function 


V CC . GND 




Power supply 


V cc : +2.7 V to 5.5 V, GND: V 


OSC1,OSC2 


— 


Oscillation 

resistor 

clock 


When CR oscillation is performed, a resistor must 
be connected externally. When the pin input is an 
external clock, it must be input to OSC1 . 


Vci 


| 




Input voltage to the booster, from which the liquid crystal 
display drive voltage is generated. 
Vci: 2.5 V to 4.5 V 


V50UT2 


o 


V5 pin/ 
Booster 
capacitance 


Voltage input to the Vci pin is boosted twice and output 
When the voltage is boosted three times, the same 
capacity as that of C1-C2 should be connected. 


V50UT3 


o 


V5 pin 


Voltage input to the Vci pin is boosted three times and 
output. 


C1/C2 




Booster 
capacitance 


External capacitance should be connected when using 
the booster. 


TEST 


I 




Test pin. Should be wired to ground. 
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Function Description 
Registers 

The HD66710 has two 8-bit registers, an 
instruction register (IR) and a data register (DR). 

The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
the display data RAM (DD RAM), the character 
generator RAM (CG RAM), and the segment 
RAM (SEG RAM). The MPU can only write to 
IR, and cannot be read from. 

The DR temporarily stores data to be written into 
DD RAM, CG RAM, or SEG RAM. Data written 
into the DR from the MPU is automatically written 
into DD RAM, CG RAM, or SEG RAM by an 
internal operation. The DR is also used for data 
storage when reading data from DD RAM, 
CG RAM, or SEG RAM. When address infor- 
mation is written into the IR, data is read and then 
stored into the DR from DD RAM, CG RAM, or 
SEG RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM, CG RAM, or SEGRAM at the next address 
is sent to the DR for the next read from the MPU. 



By the register selector (RS) signal, these two 
registers can be selected (table 2). 

Busy Flag (BF) 

When the busy flag is 1, the HD66710 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = and R/W = 1 
(table 2), the busy flag is output from DB7. The 
next instruction must be written after ensuring that 
the busy flag is 0. 

Address Counter (AC) 

The address counter (AC) assigns addresses to 
DD RAM, CG RAM, or SEG RAM. When an 
address of an instruction is written into the IR, the 
address information is sent from the IR to the AC. 
Selection of DD RAM, CG RAM, and SEG RAM 
is also determined concurrently by the instruction. 

After writing into (reading from) DD RAM, 
CG RAM, or SEG RAM, the AC is automatically 
incremented by 1 (decremented by 1). The AC 
contents are then output to DBq to DB 6 when 
RS = and R/W= 1 (table 2). 



Table 2 


Register Selection 


RS 


R/W 


Operation 








IR write as an internal operation (display clear, etc.) 





1 


Read busy flag (DB 7 ) and address counter (DB to DB 6 ) 


1 





DR write as an internal operation (DR to DD RAM, CG RAM, or SEGRAM) 


1 


1 


DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR) 
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Display Data RAM (DD RAM) 

Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its capacity is 
80 x 8 bits, or 80 characters. The area in display 
data RAM (DD RAM) that is not used for display 
can be used as general data RAM. See figure 1 for 
the relationships between DD RAM addresses and 
positions on the liquid crystal display. 

The DD RAM address (A DD ) is set in the address 
counter (AC) as hexadecimal. 

• 1-line display (N = 0) (figure 2) 

— Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD66710, 16 characters are displayed. 
See figure 3. 



When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 3. 

— Case 2: Figure 4 shows the case where the 
EXT pin is fixed high, and the HD66710 
and the 40-output extension driver are used 
to extend the number of display characters. 
In this case, the start address from COM9 
to COM16 of the LCD-II/F8 is OAH. 
To display 24 characters, addresses starting 
at SEG1 1 should be used. 

When a display shift operation is 
performed, the DD RAM address shifts. 
See figure 4. 



AC 

(hexadecimal) 



High order 



Low order 



- — bits — - 


bits - 


AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


ACQ 



Example: DD RAM address 4E 



1 








1 


1 


1 






Figure 1 DD RAM Address 



Display position 
(digit) , 


2 


3 


4 


5 


79 


80 


DD RAM 


00 


01 


02 


03 


04 




4E 


4F 




address 






(hexadecimal) 

















Figure 2 1-Line Display 
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1 2 3 4 5 6 7 8 


9 1011 12131415 16 Display position 


UUMl IO O "■"*■ 


00 


01 


02 


03 


04 


OS 


06 


07 




08 


09 


OA 


OB 


OC 


00 


OE 


OF 


— COM9to16 




1 2 3 4 5 6 7 8 


9 1011 1213141516 


DRAM address 


COM1 to 8 — 


01 


02 


03 


04 


05 


06 


07 


08 




09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


— COM9 to 1 6 (Left shift display) 










C0M1 to 8 — 


4F 


00 


01 


02 


03 


04 


OS 


06 




07 


08 


09 


OA 


OB 


OC 


OD 


OE 


— COM9 to 1 6 (Right shift display) 











Figure 3 1-line by 16-Character Display Example 



1234567 89 101112 1314151617 18192021222324 



C0M1 to 8 - oo 



07 


08 


09 


OA 


OB 





OC 


OD 


OE 


OF 


10 




11 


12 


13 


14 


15 


16 


H 









LCD-II/F8 
SEG1 to 35 



Extension 
driver (1) 
Seg1 to 25 



LCD-II/F8 Extension 
SEG11 to 35 driver (1) 
(SEG1 to 10: skip) Seg1 to 35 



12 3 4 5 6 7 8 9 101112 1314151617 18192021222324 



08 


09 


OA 


OB 


OC 



OD 


OE 


OF 


10 


11 



12 


13 


14 


15 


16 


17 


18 



I — — Display position 

■ COM9to16 

^ DDRAM address 



COM9 to 16 (Left shift display) 



06 


07 


06 


09 


OA 



OB 


OC 


OD 


OE 


OF 



10 


11 


12 


13 


14 


15 


16 



Figure 4 1-line by 24-Character Display Example 
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• 2-line display (N = 1, and NW = 0) 

— Case 1: The first line is displayed from 
COM1 to COM16, and the second line is 
displayed from COM17 to COM32. Care is 
required because the end address of the 
first line and the start address of the second 



line are not consecutive. For example, the 
case is shown in figure 6 where 16 x 2-line 
display is performed using the HD66710. 
When a display shift operation is 
performed, the DD RAM address shifts. 
See figure 5. 





1 2 3 4 5 6 7 8 


9 10111213141516^ nknlav nnsitinn 


COM1 to 8 — 
COM17to 24 — 


00 


01 


02 


03 


04 


05 


06 


07 




08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


— COM9to16 

— COM25to32 


40 


41 


42 


43 


44 


45 


46 


47 




48 


49 


4A 


4B 


4C 


4D 


4E 


4F 








— DDRAM address 


COM1 to 8 — 
COM17to 24 — 


01 


02 


03 


04 


05 


06 


07 


08 




09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


— COM9to16 

(Left shift display) 

— COM25to32 


41 


42 


43 


44 


45 


46 


47 


48 




49 


4A 


4B 


4C 


4D 


4E 


4F 


50 










COM1 to 8 — 
COM17to24 — 


27 


00 


01 


02 


03 


04 


05 


06 




07 


08 


09 


OA 


OB 


OC 


OD 


OE 


— COM9to16 

(Right shift display) 

— COM25to32 


67 


40 


41 


42 


43 


44 


45 


46 




47 


48 


49 


4A 


4B 


4C 


4D 


4E 











Figure 5 2-line by 16-Character Display Example 
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— Case 2: Figure 6 shows the case where the 
EXT pin is fixed to high, the HD66710 and 
the 40-output extension driver are used to 
extend the number of display characters. 

In this case, the start address from COM9 
to COM16 of the HD66710 is OAH, and 
that from COM25 to COM32 of the 



HD66710 is 4 AH. To display 24 char- 
acters, the addresses starting at SEG11 
should be used. 

When a display shift operation is per- 
formed, the DD RAM address shifts. See 
figure 6. 



COM1 to,, 
COM8 



COM1 to 
COM8 " 
COM^to, 
COM24 



12 3 4 5 6 7 8 9 101112 1314151617 18192021222324 



07 


08 


09 


OA 


0B 





OC 


0D 


OE 


OF 


10 





11 


12 


13 


14 


15 


16 


17 





LCD-II/F8 
SEG1 to SEG35 



1 


2 


3 


4 


5 


6 


7 


8 


9 


101112 


01 


02 


03 


04 


05 


06 


07 




08 


09 


OA 


OB 


OC 


41 


42 


43 


44 


45 


46 


47 




48 


49 


4A 


4B 


4C 



Extension LCD-II/F8 Extension 
driver (1 ) SEG11 to SEG35 driver (1 ) 
Seg1 toSeg25 (SEG1 toSEGIO: Seg1 toSeg35 
skip) 

1314151617 18192021222324 



OD 


OE 


OF 


10 


11 


40 


4E 


4F 


50 


51 



12 


13 


14 


15 


16 


17 


18 


52 


53 


54 


55 


56 


57 


58 



^ Display position 

. COM9toCOM16 

* DDRAM address 



t COM9 to 

|88M25to (Leftshiftdisplay) 
" COM32 



COM1 to 
COM8 
COM17to, 
COM24 



27 


00 


01 


02 


03 


04 


05 




06 


07 


08 


09 


OA 




OB 


OC 


OD 


OE 


OF 




10 


11 


12 


13 


14 


15 


16 


67 


40 


41 


42 


43 


44 


45 




46 


47 


48 


49 


4A 




4B 


4C 


4D 


4E 


4F 




50 


51 


52 


53 


54 


55 


56 



t COM9 to 

|88M25to (Rightshiftdisplay) 
' COM32 



Figure 6 2-Line by 24 Character Display Example 
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• 4-line display (NW = 1) 

— Case 1: The first line is displayed from 
COM1 to COM8, the second line is 
displayed from COM9 to COM 16, the 
third line is displayed from COM 17 to 
COM24, and the fourth line is displayed 
from COM25 to COM32. Care is required 



because the DD RAM addresses of each 
line are not consecutive. For example, the 
case is shown in figure 7 where 8 x 4-line 
display is performed using the HD66710. 

When a display shift operation is 
performed, the DD RAM address shifts. 
See figure 7. 





1 


2 


3 


4 


5 


6 


7 


8 


COM1 to 8 


00 


01 


02 


03 


04 


05 


06 


07 


COM9 to 16 


20 


21 


22 


23 


24 


25 


26 


27 


COM17to 24 


40 


41 


42 


43 


44 


45 


46 


47 


COM25 to 32 


60 


61 


62 


63 


64 


65 


66 


67 




Display position 



DDRAM address 



1 2 3 4 5 6 7 8 



1 2 3 4 5 6 7 8 



COM1 to 8 
COM9to16 
COM17to 24 
COM25 to 32 



01 


02 


03 


04 


05 


06 


07 


08 


21 


22 


23 


24 


25 


26 


27 


28 


41 


42 


43 


44 


45 


46 


47 


48 


61 


62 


63 


64 


65 


66 


67 


68 



(Left shift display) 



13 


00 


01 


02 


03 


04 


05 


06 


33 


20 


21 


22 


23 


24 


25 


26 


53 


40 


41 


42 


43 


44 


45 


46 


73 


60 


61 


62 


63 


64 


65 


66 



(Right shift display) 



Figure 7 4-Line Display 
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— Case 2: The case is shown in figure where 
the EXT pin is fixed high, and the 
HD66710 and the 40-output extension 
driver are used to extend the number of 
display characters. 



When a display shift operation is 
performed, the DD RAM address shifts. 
See figure 8. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


1213 


14 


1516 


17 


18 


19 


20 


COM1 to 8— 


00 


01 


02 


03 


04 


05 


06 




07 


08 


09 


OA 


0B 


OC 


00 


OE 


OF 


10 


11 


12 


13 


COM9to 16P" 


20 


21 


22 


23 


24 


25 


26 




27 


26 


29 


2A 


2B 


2C 


20 


2E 


2F 


30 


31 


32 


33 


COM17to24— 


40 


41 


42 


43 


44 


45 


46 




47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


COM25to32— 


60 


61 


62 


63 


64 


65 


66 




67 


68 


69 


6A 


6B 


6C 


60 


6E 


6F 


70 


71 


72 


73 














LCD-II/F8 



Extension driver (1 ) Extension driver (2) 



Display position 



DDRAM address 



1 2 3 4 5 6 7 8 9 1011 121314151617181920 1 2 3 4 5 6 7 8 9 1011121314161617181920 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


00 


OE 


OF 


10 


11 


12 


13 


00 


21 


22 


23 


24 


25 


26 


27 


28 


29 


2A 


2B 


2C 


2D 


2E 


2F 


30 


31 


32 


33 


20 


41 


42 


43 


44 


45 


46 


47 


48 
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4A 


4B 


4C 


40 


4E 
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50 


51 


52 
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61 


62 


63 


64 


65 


66 


67 


68 


69 


6A 


6B 


6C 


60 


6E 


6F 


70 


71 


72 


73 


60 



(Display shift left) 
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6C 
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6F 


70 


71 


72 



(Display shift right) 



Figure 8 4-Line by 20-Character Display Example 
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Character Generator ROM (CG ROM) 

The character generator ROM generates 5 x 8 dot 
character patterns from 8 -bit character codes 
(table 3). It can generate 240 5 x 8 dot character 
patterns. User-defined character patterns are also 
available using a mask-programmed ROM. 

Character Generator RAM (CG RAM) 

The character generator RAM allows the user to 
redefine the character patterns. In the case of 5 x 8 
characters, up to eight may be redefined. 

Write the character codes at the addresses shown 
as the left column of table 3 to show the character 
patterns stored in CG RAM. 

See table 5 for the relationship between CG RAM 
addresses and data and display patterns. 

Segment RAM (SEG RAM) 

The segment RAM (SEG RAM) is used to enable 
control of segments such as an icon and a mark by 
the user program. 

For a 1-line display, SEG RAM is read from the 
COM 17 output, and as for 2- or 4-line displays, it 
is from the COM33 output, to performs 
40-segment display. 

As shown in table 6, bits in SEG RAM 
corresponding to segments to be displayed are 
direcdy set by the MPU, regardless of the contents 
of DD RAM and CG RAM. 



SEG RAM data is stored in eight bits. The lower 
six bits control the display of each segment, and 
the upper two bits control segment blinking. 

Modifying Character Patterns 

• Character pattern development procedure 

The following operations correspond to the 
numbers listed in figure 9: 

1. Determine the correspondence between 
character codes and character patterns. 

2. Create a listing indicating the correspondence 
between EPROM addresses and data. 

3. Program the character patterns into an 
EPROM. 

4. Send the EPROM to Hitachi. 

5. Computer processing of the EPROM is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 

6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI will proceed at Hitachi. 
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Hitachi 



User 



Computer 
processing 






Create character 
pattern listing 







No 



Evaluate 
character 
patterns 



OK? 

rfes 



Art work 




Masking 



Trial 



Sample 



® 




V Sample 7 @ 
\ evaluation / 




No 



< start ) 



Dete 
characte 


rmine 
r patterns 








Create EPROM 
address data listing 






Write EPROM 






EPROM 


-» Hitachi 



® 



OK? 

[Yes 

Mass N 
production J 

Note: For a description of the numbers used in this figure, refer to the preceding page. 



Figure 9 Character Pattern Development Procedure 
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Table 3 Correspondence between Character Codes and Character Patterns (Hitachi standard 
HD66710) 



4BHS ^ 


0000 


0001 


0010 


0011 


0100 

<? 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


xxxxOOOO 


RAM 

(1) 






M 




■ 


p 












MB 




p 


xxxxOOOl 


(2) 




■ 

I 

■ 


l 


H 


jm m 

13 


a 


■=1 






□ 


7 






■ ■ 

a 


q 


xxxxOOlO 


(3) 




1 1 
1 1 


2 


EZ 1 




■ 

b 


r 






r 










e 


XXXX001 1 


(4) 




1 1 

# 




Ij 


_i 


c 








j 


Oft 






xxxxOlOO 


(5) 




1 

$ 


4 


1? 


T 


1 1 

d 


" I 








1 h t 






xxxx0101 
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V. 
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■ 






u 


xxxxOHO 
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& 


6 


F 


U 


■r 

t 








=3 til 


3 






xxxxOI 1 1 
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7 


.1. 


1 1 

l.i.l 


g 


1.1.1 






7 f 3? 




q 


TE 


xxxxlOOO 


0) 




1 ■ 


8 


1 1 

H 


1 1 

X 


h 


X 






•■f ? J 


y 


..r 


X 


xxxx1001 
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y 


I 


1 1 

V 


— r 

1 


y 












IL 


-1 


U 


xxxx1010 
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■ 
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a 
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xxxx1011 
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+ 


■ 


k 


c 


1 
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t 


□ 


:■: 




xxxx1100 


(5) 
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1 
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1 


1 
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JL 

* 


R 
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(6) 








M 


] 


m 
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t 


■ 

■ 


xxxx1110 
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> 
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n 
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n 
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Note: The user can specify any pattern in the character-generator RAM. 
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• Programming character patterns 

This section explains the correspondence 
between addresses and data used to program 
character patterns in EPROM. The HD66710 
character generator ROM can generate 240 
5 x 8 dot character patterns. 



— Character patterns 

EPROM address data and character pattern 
data correspond with each other to form a 
5 x 8 dot character pattern (table 4). 



Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 
(5x8 dots) 



EPROM Address 


MSB 


Data 


LSB 


An A10 A9 


As 


A7 A6 A5 A4 


A3 


A2 


Ai 


AO 


04 03 02 01 Oo 


1 


1 


10 1 






















n 

















1 






















1 













o yy 














1 


1 


oj 




8 o I 


|§0 











1 




























1 





1 






















1 


1 

























1 


1 


1 















\ A_A / 

Character code "0 W Line position 



Notes: 1 . EPROM addresses A^ to A 4 correspond to a character code. 

2. EPROM addresses A 2 to A specify a line position of the character pattern. EPROM address 
A3 should be set to 0. 

3. EPROM data 4 to O correspond to character pattern data. 

4. Area which are lit (indicated by shading) are stored as 1, and unlit are as 0. 

5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line 
is used for a cursor, this data should all be set to zero. 

6. EPROM data bits 7 to 5 are invalid. should be written in all bits. 
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— Handling unused character patterns 

1. EPROM data outside the character 
pattern area: This is ignored by the 
character generator ROM for display 
operation so any data is acceptable. 

2. EPROM data in CG RAM area: Always 
fill with zeros. (EPROM addresses 00H to 
FFH.) 

3. Treatment of unused user patterns in the 
HD66710 EPROM: According to the user 
application, these are handled in either of 
two ways: 



i. When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit, 
because the EPROM is filled with Is after 
it is erased. 

ii. When unused character patterns are 
programmed as Os: Nothing is displayed 
even if unused character codes are written 
into DD RAM. (This is equivalent to a 
space.) 



Table 5 Example of Correspondence between Character Code and Character Pattern (5x8 dots) 
in CGRAM 

a) When character pattern in 5 x 8 dots 



Character code (DDRAM data) 



CGRAM address 



msb CGRAM data lsb 



D7 D6 D5 D4 D3 D2 Di Do 



As A4 A3! A2 A1 Ao 



O7 06 05 04 O3 O2 O1 Oo 




















1 1 1 



1 1 1 
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Table 5 Example of Correspondence between Character Code and Character Pattern (5x8 dots) 
in CGRAM (cont) 



b) When character pattern is 6 x 8 dots 



Character code (DDRAM data) 


CGRAM address 


msb CGRAM data lsb 


D7 De Ds D4 D3 D2 Di Do 


As A4 A3 


A2 Ai Ao 


07 Oe Os 04 03 02 Oi Oo 





* 









1 
1 

1 1 

1 
1 1 
1 1 
1 1 1 


* 


o o|o 

■ 

r o ■ 
' 













* 1 1 1 


1 


1 1 



1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 


* 

1 


o o Tip 

■ 
j o I 
' 



Notes: 1 . Character code bits to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types). 

2. CGRAM address bits to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 

3. The character data is stored with the rightmost character element in bit 0, as shown in table 5. 
Characters with 5 dots in width (FW » 0) are stored in bits to 4, and characters with 6 dots in 
width (FW ■ 1 ) are stored in bits to 5. 

4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected. 
Bit 3 of the character code is invalid (*). Therefore, for example, the character codes 00 
(hexadecimal) and 08 (hexadecimal) correspond to the same CGRAM address. 

5. A set bit in the CGRAM data corresponds to display selection, and to non-selection. 

6. When the BE bit of the function set register is 1 , pattern blinking control of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in CGRAM. 

When bit 7 is 1 , of the lower six bits, only those which are set are blinked on the display. 
When bit 6 is 1 , a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern can 
be blinked as for a 6-dot font width. 

* Indicates no effect. 
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Table 6 Relationships between SEGRAM Addresses and Display Patterns 



SEGRAM 
address 


SEGRAM data 


a) 5-dot font width 


b) 6-dot font width 


A2 Ai Ao 


D7 D6 D5 D4 D3 D2 Di Do 


D7 D6 D5 D4 D3 D2 Di Do 





B1 BO * S1 S2 S3 S4 S5 


B1 BO S1 S2 S3 S4 S5 S6 


1 


B1 BO * S6 S7 S8 S9 S10 


B1 BO S7 S8 S9S10S11S12 


1 


B1 BO * S11S12S13S14S15 


B1 BO S13S14S15S16S17S18 


1 1 


B1 BO * S16S17S18S19S20 


B1 BO S19S20S21S22S23S24 


1 


B1 BO * S21S22S23S24S25 


B1 BO S25S26S27S28S29S30 


1 1 


B1 BO * S26S27S28S29S30 


B1 BO S31S32S33S34S35S36 


1 1 


B1 BO * S31S32S33S34S35 


B1 BO S37S38S39S40S41S42 


1 1 1 


B1 BO * S36S37S38S39S40 


B1 BO S43S44S45S46S47S48 



Blinking control Pattern on/off Blinking control Pattern on/off 



Notes: 1 . Data set to SEGRAM is output when COM1 7 is selected, as for a 1 -line display, and output 
when COM33 is selected, as for a 2-line or a 4-line display. 

2. S1 to S48 are pin numbers of the segment output driver. 
S1 is positioned to the left of the monitor. 

S37 to S48 are extension driver outputs for a 6-dot character width. 

3. After S40 output at 5-dot font and S48 output at 6-dot font, S1 output is repeated again. 

4. As for a 5-dot font width, lower five bits (D4 to DO) are display on.off information of each 
segment. For a 6-dot character width, the lower six bits (D5 to DO) are the display information 
for each segment. 

5. When the BE bit of the function set register is 1 , pattern blinking of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in SEGRAM. 

When bit 7 is 1 , only a bit set to H 1 " of the lower six bits is blinked on the display. 

When bit 6 is 1 , only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5 

pattern can be blinked as for 6-dot font width. 

6. Bit 5 (D5) is invalid for a 5-dot font width. 

7. Set bits in the CGRAM data correspond to display selection, and zeros to non-selection. 
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i) 5-dot font width (FW-O) 
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ii) 6-dot font width (FW - 1 ) 
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« Extension driver » 



Figure 10 Relationships between SEGRAM Data and Display 
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Timing Generation Circuit 

The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM, CG RAM, and SEGRAM. 
RAM read timing for display and internal 
operation timing by MPU access are generated 
separately to avoid interfering with each other. 
Therefore, when writing data to DD RAM, for 
example, there will be no undesirable 
interferences, such as flickering, in areas other 
than the display area. 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit consists of 
33 common signal drivers and 40 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 

Character pattern data is sent serially through a 



40-bit shift register and latched when all needed 
data has arrived. The latched data then enables the 
driver to generate drive waveform outputs. 

Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 

Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66710 drives from the head display. 

Cursor/Blink Control Circuit 

The cursor/blink (or white-black inversion) control 
is used to produce a cursor or a flashing area on 
the display at a position corresponding to the 
location in stored in the address counter (AC). 

For example (figure 11), when the address counter 
is 08H, a cursor is displayed at a position 
corresponding to DDRAM address 08H. 
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AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


ACO 











1 












For a 1-line display 

Display position 

DD RAM address 
(hexadecimal) 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 





For a 2-line display 



Cursor position 



Display position 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


DD RAM address . 




00 


01 


02 


03 


04 


05 


06 


07 






09 


OA 




(hexadecimal) 




40 


41 


42 


43 


44 


45 


46 


47 




48 


49 


4A 





7 

Cursor position 

Note: Even if the address counter (AC) points to an address in the character generator RAM (CGRAM) or 
segment RAM (SEGRAM), cursor/blink black-white inversion will still occur, although it will produce 
meaningless results. 



Figure 11 Cursor/Blink Display Example 
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Interfacing to the MPU 

The HD66710 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 

• For 4-bit interface data, only four bus lines 
(DB 4 to DB 7 ) are used for transfer. Bus lines 
DB to DB 3 are disabled. The data transfer 
between the HD66710 and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transfered before 
the four low order bits (for 8-bit operation, 
DB to DB 3 ). 

The busy flag must be checked (one instruction) 
after the 4-bit data has been transferred twice. 
Two more 4-bit operations then transfer the 
busy flag and address counter data. 

• For 8-bit interface data, all eight bus lines 
(DB to DB 7 ) are used. 

Reset Function 

Initializing by Internal Reset Circuit 

An internal reset circuit automatically initializes 
the HD66710 when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 15 ms after V cc rises to 
4.5 V or 40 ms after the Vcc rises to 2.7 V. 



1. Display clear 

2. Function set: 

DL = 1; 8-bit interface data 

N = 0; 1-line display 

RE = 0: Extension register write disable 

3. Display on/off control: 
D = 0; Display off 

C = 0; Cursor off 
B = 0; Blinking off 

BE = 0: CGRAM/SEGRAM blinking off 
LP = 0: Not in low power mode 

4. Entry mode set: 

I/D = 1; Increment by 1 
S = 0; No shift 

5. Extension function set 

FW = 0; 5-dot character width 

B/W ss 0; Normal cursor (eighth line) 

NW = 0; 1- or 2-line display (depending on N) 

6. SEGRAM address set 
HDS = 000; No scroll 

Note: If the electrical characteristics conditions 
listed under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66710. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 



RS 
R/W 




Instruction register (IR) 
write 



Busy flag (BF) and 
address counter (AC) 
read 



Data register (DR) 
read 



Figure 12 4-Bit Transfer Example 
HITACHI 
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Instructions 
Outline 

Only the instruction register (IR) and the data 
register (DR) of the HD66710 can be controlled by 
the MPU. Before starting internal operation of the 
HD66710, control information is temporarily 
stored in these registers to allow interfacing with 
various MPUs, which operate at different speeds, 
or various peripheral control devices. The internal 
operation of the HD66710 is determined by 
signals sent from the MPU. These signals, which 
include register selection (RS), read/write (R/W), 
and the data bus (DBO to DB7), make up the 
HD66710 instructions (table 7). There are four 
categories of instructions that: 

• Designate HD66710 functions, such as display 
format, data length, etc. 

• Set internal RAM addresses 

• Perform data transfer with internal RAM 

• Perform miscellaneous functions 

Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 



auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66710 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 7) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 

When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 

Because the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is before sending another instruction from 
the MPU. 

Note: Be sure the HD66710 is not in the busy 
state (BF = 1) before sending an instruction 
from the MPU to the HD66710. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 7 for the list of each instruc- 
tion execution time. 
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Table 7 Instructions 











Code 






Execution Time 
(max) (when f cp or 
fosc I* 270 kHz) 


Instruction 


RS 


R/W DB 7 


DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 


DB 


Description 


Clear 
display 














1 


Clears entire display and 
sets DD RAM address 
in address counter. 


1 .52 ms 


Return 
home 











1 




Sets DD RAM address 
in address counter. Also 
returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged. 


1 .52 ms 


Entry 
mode set 











1 l/D 


S 


Sets cursor move direction 
and specifies display shift. 
These operations are 
performed during data 
write and read. 


37 \is 


Display 
on/off 

control 

(RE = 0) 











1 DC 


B 


Sets entire display (D) 
on/off, cursor on/off (C), 

AnH hlinkinn of raircor 

position character (B). 


37 us 


Extension 
function 

<At f RF - 1 \ 
OUl \riC. — 1 ) 











1 FW B/W 


NW 


Sets a font width, a black- 
white inverting cursor (B/W), 

a fi-Hot font width f FW) and 

a 4-line display (NW). 


37 ys 


Cursor or 

display 

shift 











1 S/C R/L — 


— 


Moves cursor and shifts 
display without changing 
DD RAM contents. 


37 us 


Function 
set 

(RE*0) 











1 DL N RE — 




Sets interface data length 
(DL), number of display 
lines (N), and extension 
register write enable (RE)). 


37 us 


(RE = 1) 











1 DL N RE BE 


LP 


Sets CGRAM/SEGRAM 
blinking enable (BE), and 
low power mode (LP). 

t P iq avails hip whpn tho 

EXT pin is low. 


37 us 


Set 

CGRAM 
address 
(RE = 0) 





o 


o 


1 Acg Acg A C g Acg Acg Acg 


Sets CG RAM address. 
CG RAM data is sent and 
received after this setting. 


37 us 


Set DDRAM 

address 

(RE=0) 








1 


Add Add Add Add Add Add Add 


Sets DD RAM address. 
DD RAM data is sent and 
received after this setting. 


37 us 


Set 

SEGRAM 
address 

(RE as 1) 








1 


HDS HDS HDS *— ASG ASG ASG 


Sets SEGRAM address. 
DDRAM data is sent and 
received after this setting. 
Also sets a horizontal dot 
scroll quantity (HDS). 


37 us 
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Table 7 Instructions (cont) 



Code 



Instruction RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB-, DB Description 



Execution Time 
(max) (when f cp or 
f 03 c 1*270 kHz) 



Read busy 

flag& 

address 



BF AC AC AC AC AC AC AC 



Reads busy flag (BF) 
indicating internal 
operation is being 
performed and reads 
address counter contents. 



OUS 



Write data 1 Write data Writes data into DD RAM, 37 us 

to RAM CG RAM, or SEGRAM. t ADD « 5.5 us* 

(RE = 0/1 ) To write data to DD RAM 

CG RAM, clear RE to 0; 
or to write data to SEG 
RAM, set RE to 1. 



Read data 


1 


1 


Read data 


Reads data from DD RAM, 37 us 


from RAM 








f\ f\ f*\ A ft A ^> A A A mm . 

CG RAM, or SEGRAM. ^dd - 5.5 us* 


(RE =0/1) 








To read data from DD 
RAM or CG RAM, clear 
RE to 0; to read data from 
SEG RAM, set RE to 1 . 




l/D 


= 1: 


Increment 


DD RAM: Display data 




l/D 


= 0: 


Decrement 


RAM 




S 


= 1: 


Accompanies display shift 


CG RAM: Character 




D 


-1: 


Display on 


generator RAM 




C 


= 1: 


Cursor on 


SEGRAM: Segment RAM 




B 


-1: 


Blink on 






FW 


-1: 


6-dot font width 






B/W 


-1: 


Black-white inverting cursor on 






NW 


= 1: 


Four lines 






NW 


= 0: 


One or two lines 






S/C 


= 1: 


Display shift 


A CG : CG RAM address 




S/C 


= 0: 


Cursor move 






R/L 


= 1: 


Shift to the right 


A DD : DD RAM address 




R/L 


= 0: 


Shift to the left 


(corresponds to 




DL 


-1: 


8 bits, DL = 0: 4 bits 


cursor address) 




N 


= 1: 


2 lines, N = 0: 1 line 


ASEG: Segment RAM 




RE 


»1: 


Extension register access enable 


address 




BE 


= 1: 


CGRAM/SEGRAM blinking enable 


H DS: Horizontal dot scroll 




LP 


-1: 


Low power mode 


quantity 




BF 


= 1: 


Internally operating 


AC: Address counter 




BF 


= 0: 


Instructions acceptable 


used for both DD, CG, 
and SEG RAM 
addresses. 



Notes: 1. — indicates no effect. 

* After execution of the CG RAM/DD RAM/SEGRAM data write or read instruction, the RAM address counter 
is incremented or decremented by 1 . The RAM address counter is updated after the busy flag turns off. 
In figure 13, t ADD is the time elapsed after the busy flag turns off until the address counter is updated. 



2. Extension time changes as frequency changes. For example, when f is 300 kHz, the execution time is: 37 us 
x 270/300 = 33 us. 

3. Execution time in a low power mode (LP = 1 & EXT = low) becomes four times as long as for a 1-line mode, 
and twice as long as for a 2- or 4-line mode. 



364 



HITACHI 



HD66710 



Busy state 
(DB, pin) 



Busy state 



Address counter 
(DB to DB 6 pins) 



X 



A+1 



t ADD 



Note: t add depends on the operation frequency 
t add 38 1.5/(f cp or f sc) seconds 



Figure 13 Address Counter Update 
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Instruction Description 
Clear Display 

Clear display writes space code (20)H (character 
pattern for character code (20)H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. It resets the 
extended register enable bit (RE) to in function 
set. 

Return Home 

Return home sets DD RAM address into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 

The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). It 
resets the extended register enable bit (RE) to in 
function set. 

Entry Mode Set 

I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 

The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing and 
reading of CG RAM and SEG RAM. 

S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1 during 
DD RAM write. The display does not shift if S is 
0. 

If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM and SEG RAM 
does not shift the display. In a low power mode 
(LP = 1), do not set S = 1 because the whole 
display does not normally shift. 



Display On/Off Control 

When extension register enable bit (RE) is 0, bits 
D, C, and B are accessed. 

D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in 
DD RAM, but can be displayed instantly by 
setting D to 1. 

C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font. 

B: The character indicated by the cursor blinks 
when B is 1 (figure 14). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 370-ms intervals when f^ 
or f sc * s 270 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency changes according to f Q sc or tne 
reciprocal of f cp . For example, when f cp is 
300 kHz, 370 x 270/300 = 333 ms.) 

Extended Function Set 

When the extended register enable bit (RE) is 1, 
FW, B/W, and NW bit shown below are accessed. 
Once these registers are accessed, the set values 
are held even if the RE bit is set to zero. 

FW: When FW is 1, each displayed character is 
controlled with a 6-dot width. The user font in 
CG RAM is displayed with a 6-bit character width 
from bits 5 to 0. As for fonts stored in CG ROM, 
no display area is assigned to the leftmost bit, and 
the font is displayed with a 5-bit character width. 
If the FW bit is changed, data in DD RAM and 
CG RAM SEG RAM is destroyed. Therefore, set 
FW before data is written to RAM. When font 
width is set to 6 dots, the frame frequency 
decreases to 5/6 compared to 5-dot time. See 
"Oscillator Circuit" for details. 
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B/W: When B/W is 1, the character at the cursor 
position is cyclically displayed with black-white 
invertion. At this time, bits C and B in display 
on/off control register are "Don't care". When f C p 
or fosc is 270 kHz, display is changed by 
switching every 370 ms. 



NW: When NW is 1, 4-line display is performed. 
At this time, bit N in the function set register is 
"Don't care". 





o 

Alternating 
display 




i) Cursor display example ii) Blink display example 




o 

Alternating 
display 



■ ■■■ > t 
' ■ ■ 
\ m u 

\ m m 



iii) White-black inverting 
display example 



Figure 14 Cursor Blink Width Control 




Figure 15 Character Width Control 
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Cursor or Display Shift 

Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 8). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. In a 4-line 
display, the cursor moves to the second line when 
it passes the 20th character of the line. Note that, 
all line displays will shift at the same time. 
When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 

These instruction reset the extended register 
enable bit (RE) to in function set. 

The address counter (AC) contents will not change 
if the only action performed is a display shift. 



In low power mode (LP = 1), whole-display shift 
cannot be normally performed. 

Function Set 

Only when the extended register enable bit (RE) is 
1, the BE bit shown below can be accessed. Bits 
DL and N can be accessed regardless of RE. 

DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DB ) when 
DL is 1, and in 4-bit lengths (DB 7 to DB 4 ) when 
DL is 0. 

When 4-bit length is selected, data must be sent or 
received twice. 



TableS Shift Function 



s/c 


R/L 










Shifts the cursor position to the left. (AC is decremented by one.) 





1 


Shifts the cursor position to the right. (AC is incremented by one.) 


1 





Shifts the entire display to the left. The cursor follows the display shift. 


1 


1 


Shifts the entire display to the right. The cursor follows the display shift. 
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N: When bit NW in the extended function set is 0, 
a 1- or a 2-line display is set. When N is 0, 1-line 
display is selected; when N is 1, 2-line display is 
selected. When NW is 1, a 4-line display is set. At 
this time, N is "Don't care". 

RE: When the RE bit is 1, bit BE and LP in the 
extended function set registe, the SEGRAM 
address set register, and the extended function set 
register can be accessed. When bit RE is 0, the 
registers described above cannot be accessed, and 
the data in these registers is held. 

To maintain compatibility with the HD44780, the 
RE bit should be fixed to 0. 

Clear display, return home and cursor or display 
shift instruction a reset the RE bit to 0. 

BE: When the RE bit is 1, this bit can be 
rewritten. When this bit is 1, the user font in 
CGRAM and the segment in SEGRAM can be 
blinked according to the upper two bits of 
CGRAM and SEGRAM. 

LP: When the RE bit is 1, this bit can be rewritten. 
When LP is set to 1 and the EXT pin is low 



(without an extended driver), the HD66710 
operates in low power mode. In 1-line display 
mode, the HD66710 operates on a 4-division 
clock, and in a 2-line or a 4-line display mode, 
the HD66710 operates on a 2-division clock. 
According to these operations, instruction 
execution takes four times or twice as long. 
Notice that in a low power mode, display shift 
cannot be performed. 

Note: Perform the DL, N, NW, FW functions at 
the head of the program before executing 
any instructions (except for the read busy 
flag and address instruction). From this 
point, if bit N, NW, or FW is changed after 
other instructions are executed, RAM 
contents may be lost 

Set CG RAM Address 

A CG RAM address can be set while the RE bit is 
cleared to 0. Set CG RAM address sets the 
CG RAM address binary AAAAAA into the 
address counter. 

Data is then written to or read from the MPU for 
CGRAM. 



Table 9 Display Line Set 
No. of 

Display Character Duty Maximum Number of Characters/ 



N 


NW 


Lines 


Font 


Factor 


1 Line with Extended Drivers 








1 


5x8 dots 


1/17 


50 characters 


1 





2 


5x8 dots 


1/33 


30 characters 


* 


1 


4 


5x8 dots 


1/33 


20 characters 



Note: * Indicates don't care. 
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Set DD RAM Address 

Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter while 
the RE bit is cleared to 0. 

Data is then written to or read from the MPU for 
DD RAM. 

However, when N and NW is (1-line display), 
AAAAAAA can be 00H to 4FH. When N is 1 and 
NW is (2-line display), AAAAAAA is (00)H to 
(27)H for the first line, and (40)H to (67)H for the 
second line. When NW is 1 (4-line display), 
AAAAAAA is (00)H to (13)H for the first line, 
(20)H to (33)H for the second line, (40)H to (53)H 
for the third line, and (60)H to (73)H for the fourth 
line. 

Set SEGRAM Address 

Only when the extended register enable bit (RE) is 
1, HS2 to HSO and the SEGRAM address can be 
set. 

The SEGRAM address in the binary form AAA is 
set to the address counter. SEGRAM can then be 
written to or read from by the MPU. 



Note: When performing a horizontal scroll is 
described above by connecting an extended 
driver, the maximum number of characters 
per line decreases by one. In other words, 
49 characters, 29 characters, and 19 
characters are displayed in 1-line, 2-line, 
and 4-line modes, respectively. Notice that 
in low power mode (LP = 1), the display 
shift and scroll cannot be performed. 

Read Busy Flag and Address 

Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by all CG, DD, and 
SEGRAM addresses, and its value is determined 
by the previous instruction. The address contents 
are the same as for CG RAM, DD RAM, and 
SEGRAM address set instructions. 



Table 10 HS2 to HSO Settings 



HS2 


HS1 


HSO 


Description 











No shift 








1 


Shift the display position to the left by one dot. 





1 





Shift the display position to the left by two dots. 





1 


1 


Shift the display position to the left by three dots. 


1 








Shift the display position to the left by four dots. 


1 





1 


Shift the display position to the left by five dots. 


1 


1 


0or1 


No shift. 
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RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB3 


DBg 




DB 




Clear 
display 


Code 





























1 








RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DBb 


DB2 


DB 1 


DB 




Return 
home 


Code 


























1 


* 


Note: * Don't care. 






RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB3 


DBg 


DB! 


DB 




Entry 
mode set 


Code 























1 


I/D 


S 








RS 


R/W 


DB 7 


DBe 


DBg 


DB 4 


DEfe 


DB2 


DBt 


DB 




Display 
on/off control 


Code 




















1 


D 


C 


B 






RE = 1 
Code 


RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 




DB 




Extended 
function set 




















1 


FW 


B/W 


NW 








RS 


R/W 


DB 7 


DB« 


DBe 


DB A 


DBo 


DBo 


DB1 


DBn 




Cursor or 
display shift 


Code 


o 


o 


o 


o 


o 


1 


S/C 


rv i_ 




* 


Note! * Don t care. 






RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 


DBi 


DBb 




Function set 


Code 














1 


DL 


N 


RE 


BE* 


LP* 


Note: * BE and LP 


























can be rewritten 


















































while RE = 1 . 






RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 


DB 1 


DB 




SetCG 
RAM address 


Code 


n 

u 




n 


1 


A 


A 


A 
M 


A 
M 


A 
r\ 


A 












t 

Highest 
order bit 








T 

Lowest 
order bit 



Figure 16 Character Width Control 
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RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 


DB 1 


DB 




SetDDRAM 
address 


RE = 








1 


A 


A 


A 


A 


A 


A 


A 












♦ 












♦ 












Highest 
order bit 










Lowest 
order bit 






RS 


R/W 


DB 7 






DB 4 


DB3 


DB 2 


DB 1 


DB 




Set SEGRAM 
address 


RE = 1 








1 




HS, 


HS 




A 


A 


A 








RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 


DB 1 


DB 




Read busy flag 
and address 


Code 


q 


■j 


BF 


A 


A 










A 












t 

Highest 
order bit 










T 

Lowest 
order bit 



Figure 16 Character Width Control (cont) 
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Write Data to CG, DD, or SEG RAM 

This instruction writes 8-bit binary data 
DDDDDDDD to CG, DD or SEGRAM. If the 
RE bit is cleared, CG or DD RAM is selected, as 
determined by the previous specification of the 
address set instruction; if the RE bit is set, 
SEG RAM is selected. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift direction. 

Read Data from CG, DD, or SEG RAM 

This instruction reads 8-bit binary data 
DDDDDDDD from CG, DD, or SEG RAM. If the 
RE bit is cleared, CG or DD RAM is selected, as 
determined by the previous specification of the 
address set instruction; if the RE bit is set, 
SEG RAM is selected. If no address is specified, 
the first data read will be invalid. When executing 
serial read instructions, the next address is 
normally read from the next address. An address 



set instruction need not be executed just before 
this read instruction when shifting the cursor by a 
cursor shift instruction (when reading from 
DD RAM). A cursor shift instruction is the same 
as a set DD RAM address instruction. 

After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
a display shift is not executed regardless of the 
entry mode. 

Note: The address counter (AC) is automatically 
incremented or decremented after write 
instructions to CG, DD or SEG RAM. The 
RAM data selected by the AC cannot be 
read out at this time even if read 
instructions are executed. Therefore, to read 
data correctly, execute either an address set 
instruction or a cursor shift instruction (only 
with DD RAM), or alternatively, execute a 
preliminary read instruction to ensure the 
address is correctly set up before accessing 
the data. 







RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 


DB 1 


DB 


Write data to 

CG, DD, or SEG RAM 


RE = 0/1 
Code 


1 





D 


D 


D 


D 


D 


D 


D 


D 






Higher 
order bits 






Lower 
order bits 








RS 


R/W 


DB 7 


DB 6 


DB 5 


DB 4 


DB 3 


DB 2 


DB, 


DB 


Read data from 

CG, DD, or SEG RAM 


RE = 0/1 
Code 


1 


1 


D 


D 


D 


D 


D 


D 


D 


D 








Higher 
order bits 






Lower 
order bits 





Figure 16 Character Width Control (cont) 
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Interfacing the HD66710 

1) Interface to 8-Bit MPUs number of I/O port in MCU, or interfacing bus 

width, 4-bit interface function is useful. 

HD66710 can interface to 8-bit MPU directly with 
E clock, or to 8-bit MCU through I/O port. When 



RS 

R/W 

E 

Internal 
signal 

DB7 



Internal operation 



Data 



Busy 



Data 



Instruction 
write 



Busy flag check 



Busy flag check 



Busy flag check 



Instruction 
write 



Figure 17 Example of 8-Bit Data Transfer Timing Sequence 
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i) Connection to 8-bit MPU bus line 



HD6800 



VMA 
02 
A15 

AO 
R/W 
D0-D7 















► 

< 7* ► 





HD66710 



RS_ 
R/W 

DB0-DB7 



ii) Connection to H8/325 with port (when single chip mode) 





CO 


H8/325 


C1 




C2 




A0-A7 



8 



E 

RS_ 
R/W 

DB0-DB7 



HD66710 



i) Connection to HD6301 with port 



P34 

HD6301 p35 

P36 

P10-P17 




DO 

R/W HD6671 ° 

E 

DB0-DB7 


► 





► 

8 


+ ■/ ► 



Figure 18 8-Bit MPU Interface 
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2) Interface to 4-Bit M PUs 

HD66710 can interface to 4-bit MCU through I/O 
port. 4-bit data for high and low order must be 



transferred twice continuously. The DL bit in 
function set selects the interface data length. 



RS 
R/W 

E 

Internal 



\ 



DB7 



Internal operation 
f Busy \ AC3~ 



Not J 

Busy / AC3 



D7 X D3 



Instruction 
write 



Busy flag check 



Busy flag check 



Instruction 
write 



Figure 19 Example of 4-Bit Data Transfer Timing Sequence 



HMCS4019R 



D15 
D14 
D13 

R10-R13 



4 





HD66710 


RS 


COM1- 


R/W 


COM16 


E 






SEG1- 


DB4 


-DB7 SEG40 



16 

-V- 



40 



Connected to 
the LCD 



Figure 20 Interface to HMCS4019R 
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Oscillator Circuit 

• Relationship Between Oscillation frequency figure 22 apply only when the oscillation 
and Liquid Crystal Display Frame Frequency frequency is 270 kHz (one clock period: 



The liquid crystal display frame frequencies of 



3.7 jis). 



1) When an external clock is used 2) When an internal oscillator is used 



Clock 



OSC1 



HD66710 



Rf 



OSC1 
OSC2 



HD66710 



The oscillator frequency can be 
adjusted by oscillator resistance 
(Rf). If Rf is increased or power 
supply voltage is decreased, the 
oscillator frequency decreases. 
The recommended oscillator 
resistor is as follows. 

• Rf = 91 k£2±2%(Vcc-5V) 
•Rf»75k£2±2%(Vcc-3V) 



Figure 21 Oscillator Circuit 



(1) 1 /1 7 duty cycle 



200 docks (6-dot font width: 240 clocks) 

2 3 4 16 17 1 2 3 



Vcc- 
V1 - 



COM1 



V4- 



-1 frame- 



-1 frame- 



Kern 


5-Dot Font Width 


6-Dot Font Width 


5-Dot Font Width 6-Dot Font Width 


Line selection period 


200 docks 


240 clocks 


50 clocks 60 clocks 


Frame frequency 


79.4 Hz 


66.2 Hz 


79.4 Hz 66.2 Hz 



(2) 1 /33 duty cycle 



1 00 docks (6-dot font width: 1 20 docks) 

|*1 *| 2 | 3 | 4 | | 32 1 33 | 1 | 2 | 3 



Vcc- 
V1 - 



COM1 



V4- 

V5- 



-1 frame- 



Normal Display Mode (LP = 0) Low Power Mode (LP-1) 

5-Dot Font Width 6-Dot Font Width 5-Dot Font Width 6-Dot Font Width 



Line selection period 


100 clocks 


120 clocks 


50 clocks 


60 clocks 


Frame frequency 


81.8 Hz 


68.2 Hz 


81.8 Hz 


68.2 Hz 



Figure 22 Frame Frequency 
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Power Supply for Liquid Crystal 
Display Drive 

1) When an external power supply is used 





Vcc 




V1 




V2 




V3 




V4 




V5 



VEE 

2) When an internal booster is used 
(Boosting twice) 



(Boosting three times) 



Vcc- 



V50UT2 
V50UT3 V5 





Notes: 1 . Boosted output voltage should not exceed the maximum value (13 V) of the liquid crystal power 
supply voltage. Especially, a voltage of over 4.3 V should not be input to the reference voltage 
(Vci) when boosting three times. 
2. A voltage of over 5.5 V should not be input to the reference voltage (Vci) when boosting twice. 



Table 11 Duty Factor and Power Supply for Liquid Crystal Display Drive 


Item 




Data 




Number of Lines 




1 


2/4 


Duty factor 




1/17 


1/33 


Bias 




1/5 


1/6.7 


Divided resistance 


R 


R 


R 




RO 


R 


2.7R 



Note: R changes depending on the size of liquid crystal penel. Normally, R must be 2 kft to 1 k£l 
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Extension Driver LSI Interface 

By bringing the EXT pin high, segment driver pins 
(SEG37 to SEG40) functions as the extended 
driver interface outputs. From these pins, a latch 
pulse (CL1), a shift clock (CL2), data (D), and an 
AC signal (M) are output. The same data is output 
from the SEG36 pin of the HD66710 and the start 
segment pin (Segl) of the extension driver. Due to 



the character baundary, the Segl output is used for 
the 5-dot font width. For the 6-dot font width, the 
SEG36 output is used, and the Segl output of the 
extension driver must not be used. When the 
extension driver LSI interface is used, ground 
level (GND) must be higher than the V5 level. 



Table 12 Required Number of 40-Output Extension Driver 






Controller 


HD66710* 


HD44780 


HD66702 


Display Line 


5-Dot Width 


6-Dot Width 


5-Dot Width 


5-Dot Width 


16x2 lines 


Not required 


1 


1 


Not required 


20 x 2 lines 


1 


1 


2 


Not required 


24 x 2 lines 


1 


2 


2 


1 


40 x 2 lines 


Disabled 


Disabled 


4 


3 


12x4 lines 


1 


1 


Disabled 


Disabled 


16x4 lines 


2 


2 


Disabled 


Disabled 


20 x 4 lines 


2 


3 


Disabled 


Disabled 


Note: * The number of display lines can be extended to 30 x 2 lines or 20 x 4 lines. 



1) 1 -chip operation 

(EXT « Low, 5-dot font width) 



2) When using the extension driver 
(EXT - High, 5-dot font width) 



Vcc 



EXT 



HD66710 

SEG1- 
SEG40 



GND 



COM1-\l 
COM33/I 



16 x 2-line display! 



EXT 
HD66710 



2 SEG1- 
' 05 SEQ35 




SEG1-SEG40 



COM1-\l 
COM33 y| 



24 x 2-line display 



Seg1- 



M 
D 

Extension driver 



Figure 23 HD66710 and the Extension Driver Connection 
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When using one HD66710, the start address of 
COM9-COM16/COM25-COM33 is calculated by 
adding 8 to the start address of COM9-COM16 
COM25-COM32. When extending the address, 



the start address is calculated by adding A(10) 
to COM9-COM16/COM25 to COM32. The 
relationship betweenmodes and display start 
addresses is shown below. 



Table 13 Display Start Address in Each Mode 














Number of Lines 






1-Line Mode 


2-Line Mode 


4-Line Mode 


Output 


EXT Low 


EXT High 


EXT Low 


EXT High 


EXT Low/High 


COM1-COM8 


D00±1 


D00±1 


D00±1 


D00±1 


D00±1 


COM9-COM16 


D08±1 


D0A±1 


D08±1 


D0A±1 


D20±1 


COM17-COM24 






D40±1 


D40±1 


D40±1 


COM25-COM32 






D48±1 


D4A±1 


D60±1 


COM17 


SOO 


SOO 








COM33 






SOO 


SOO 


SOO 



Notes: 1 . When an EXT pin is low, the extension driver is not used; otherwise, the extension driver is 
used. 

2. D** is the start address of display data RAM (DDRAM) for each display line. 

3. S** is the start address of segment RAM (SEGRAM). 

4. ±1 following D** indicates increment or decrement at display shift. 
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a) 5-dot font width: 20 x 2-line display 
















































1 


2 


3 


4 


5 


6 7 


8 


9 10 




11 121314151617 181920 










COM1-COM8- 


oo 


01 


02 


D3 


04 


05 


16 - 


07 


06 


09 




OA 


OB 


oc 


00 


OE 


OF 1 


■ 


11 


12 


13 




COM9-COM16 


COM17-COM24 - 


40 


41 


42 


43 


44 


45 4 


6 - 


47 


48 


49 




4A 


4B 


(C 


«D 


4E 


4F 5 


■ 


51 


52 


4 




COM25-COM32 






HD66710 




Extension 




HD66710 






Extension 












SEG1-SEG35 


driver (1) 






SEG1-SEG35 


driver (1 ) 
























Seg1-Seg15 












Seg1-Seg15 






b) 6-dot font width: 20 x 2-line display 
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2 


3 


4 


5 


6 


7 


8 


9 
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111213141516 


17181920 










COM1-COM8 




00 


01 


02 


03 


04 


05 ■ 


06 


07 


08 
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OA 


OB 


oc 


OD 


OE 


OF ■ 


10 


ii 


12 


13 




COM9-COM16 


COM17-COM24 




40 


41 


42 


43 


44 


45 ■ 


46 


47 


48 


49 




4A 


4B 


4C 


4D 


4E 


4F ■ 


50 


51 


52 


53 




COM25-COM32 






































/ 








✓ 














HD66710 






Extension 






HD66710 




Extension 














SEG1-SEG36 


driver (1) 






SEG1-SEG36 


driver (1) 


























Seg2-Seg25 












Seg2-Seg25 
























(Seg1 is 
















(Seg1 i 


s skipped) 




















skipped) 
































c) 5-dot font width: 24 x 2-line display 
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41 


42 


43 


44 


45 


46 
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48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


■ 51 


52 


53 


54 


55 


56 


57 


- COM25-COM32 
















HD66710 






Extension 




HD66710 








Extension 










SEG1-SEG35 


driver (1) 






SEG11-SEG35 




driver (1) 
























Seg1-Seg15 


(SEG1-SEG10 




Seg1-Seg35 
































are skipped) 


















d) 6-dot font width: 24 x 2-line 


dis 
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HD66710 






Extension 






HD66710 




Extension 




Extension 




SEG1-SEG36 




driver (1) 






SEG13-SEG36 driver (1) 






driver (2) 


















Seg2-Seg37 




(SEG1 -SEG1 2 Seg2^Seg40 


Seg1-Seg9 


















(SEG1 is 


i 






are skipped) 


(SEG1 is 


























skipped) 


















skipped) 











Figure 24 Correspondence between the Display Position at Extension Display and 

the DDRAM Address 
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e) 5-dot font width: 20 x 4-line display 
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HD66710 
SEG1-SEG35 








Extension 
driver (1) 
Seg1-Seg40 




Extension 
driver (2) 
Seg1-Seg25 


f) 6-dot font width: 20x4- 


line display 
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HD66710 
SEG1-SEG36 






Extension 
driver (1) 
Seg2-Seg40 
(Seg1 is skipped) 


Extension Extension 
driver (2) driver (3) 
Seg1-Seg40 Seg1-Seg5 



Figure 24 Correspondence between the Display Position at Extension Display and 

the DDRAM Address (cont) 
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Interface to Liquid Crystal Display 

Set the extended driver interface, the number of 
display lines, and the font width with the EXT 



pin, an extended register NW, and the FW bit, 
respectively. The relationship between the EXT 
pin, register set value, and the display lines are 
given below. 



Table 14 Relationship between EXT, Register Setting, and Display Lines 



No of 


No. of 


EXT 


Extended 




5-Dot Font 


EXT 


Extended 




6- Dot Font 


Lines 


Characters 


Pin 


Driver 


N 


RE 


NW 


FW 


Pin 


Driver 


N 


RE NW 


FW Duty 


1 


16 


L 
















H 


1 





1 


1 1/17 




20 


H 


1 














H 


1 





1 


1 1/17 




24 


H 


1 














H 


2 





1 


1 1/17 


2 


16 


L 




1 











H 


1 


1 


1 


1 1/33 




20 


H 


1 


1 











H 


1 


1 


1 


1 1/33 




24 


H 


1 


1 











H 


2 


1 


1 


1 1/33 


4 


16 


H 


1 


♦ 


1 


1 





H 


1 


♦ 


1 1 


1 1/33 




20 


H 


2 


* 


1 


1 





H 


2 




1 1 


1 1/33 




24 


H 


2 


4c 


1 


1 





H 


3 


* 


1 1 


1 1/33 



Note: — means not required. 
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• Example of 5-dot font width connection 



HD66710 

COM1 
COM2 
COM3 
COM4 
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a) 16x1 -line + 40-segment display (5-dot font, 1/1 7 duty) 



HD66710 
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IIS3 

SEG5 
SEG6 
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SEG40 


















» o~- cm A'* into ^ 


































COM26 






COM27 
COM28 










COM29 






COM30 






COM31 








EXT COM32 





b) 1 6 x 2-line + 40-segment display (5-dot font, 1/33 duty) 



Figure 25 Liquid Crystal Display and HD66710 Connections (Single-Chip Operation) 
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HD66710 

C0M1 - 



11 17 



COMS - 
COM6 - 



COMB - 
COM10 - 
COM11 - 
COM12 - 
COM13 - 
COM14 - 



Extension 
driver I 



a) 20 x 2-line + 40-segment display (5-dot font, 1/33 duty) 



COM3 
COM4 
COMS 
COM6 




8EGS 

SEG11 
SEG12 
SEG13 
SEG14 
8EG1S 
SEG31 



COM9 
COM10 
COM11 
C0M12 



COM14 
COM1S 
COM16 



13 17 



18 20 24 



Extension 
driver f«" 



b) 24 x 2-line + 40-segment display (5-dot font, 1/33 duty) 



Figure 26 Liquid Crystal Display and HD66710 Connections (with the Extended Driver) 
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Vcc 



HD66710 

C0M1 
COM2 
COM3 
COM4 
COM5 
COM6 
C0M7 
COMB 

COMB 
COM10 
COM11 
COM12 
COM13 
COM14 
COM23 
COM16 
COM17 
COM18 
COM19 
COM20 
COM21 
COM22 
COM23 
COM24 

COM25 
COM26 
COM27 
COM28 
COM29 
COM30 
COM31 
COM32 

COM33 

SEG1 
SEG2 
SEG3 
SEG4 
SEG5 
SEG31 
SEG32 
SEG33 
EXT SEG34 
SEG35 

SEG1 

Extension ffoz 

SEG3 

driver segj 




1 7 8 
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SEG36 






SEG37 
SEG38 










SEG39 






SEG40 












. SEG1 






Extension seg2 

. . SEG3 






driver segi 












(2) SEG5 

SEG21 






SEG22 






SEG23 






SEG24 






SEG25 













c) 20 x 4-line + 40-segment display (5-dot font, 1/33 duty) 



Figure 26 Liquid Crystal Display and HD66710 Connections (with the Extended Driver) (cont) 
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Example of 6-dot font width connection 



HD66710 



0OM17 
COM 18 
0OM19 



SEQ1 
SEQ3 



SEG7 
SEQ8 
SEQ9 
SEQ10 
SEQ3B 
COMB 
0OM10 



EXT 



Note: The DDRAM address between 

6th and 7th digits is not contiguous. 



a) 12 x 2-line + 36-segment display (6-dot font, 1/33 duty) 



HD66710 



COM6 - 
COM7 - 
COM8 - 
COM17 - 
COM 18 - 
0OM19 - 
COM 20 - 
COM21 - 
COM 22 - 
COM 23 - 
COM 24 ■ 



SEQ1 - 
SEQ2 - 
SEQ3 - 



0OM13 - 
COM14 - 
COM 15 - 
COM1S - 
COM 25 - 
COM 26 - 
0OM27 - 



Extension , 
driver §§<» - 

SEQ4 ■ 



b) 20 x 2-line + 36-segment display (6-dot font, 1/33 duty) 



Figure 27 Liquid Crystal Display and HD66710 Connections (6-Dot Font Width) 
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Instruction and Display Correspondence 

• 8-bit operation, 16-digit x 1-line display with 
internal reset 

Refer to table 16 for an example of an 
16-digit x 1-line display in 8-bit operation. The 
HD66710 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, a character unit scroll can be 
performed by a display shift instruction. A dot 
unit smooth scroll can also be performed by a 
horizontal scroll instruction. Since data of 
display RAM (DDRAM) is not changed by a 
display shift instruction, the display can be 
returned to the first set display when the return 
home operation.is performed. 

• 4-bit operation, 16-digit x 1-line display with 
internal reset 

The program must set all functions prior to the 
4-bit operation (table 16). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DB to DB 3 are not 
connected, a rewrite is then required. However, 
since one operation is completed in two 
accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 16). 
Thus, DB 4 to DB 7 of the function set 
instruction is written twice. 

• 8-bit operation, 16-digit x 2-line display with 
internal reset 

For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 



Thus, if there are only 16 characters in the first 
line, the DD RAM address must be again set 
after the 16th character is completed. (See 
table 17.) 

The display shift is performed for the first and 
second lines. If the shift is repeated, the 
display of the second line will not move to the 
first line. The same display will only shift 
within its own line for the number of times the 
shift is repeated. 

• 8-bit operation, 8-digit x 4-line display with 
internal reset 

The RE bit must be set by the function set 
instruction and then the NW bit must be set by 
an extension function set instruction. In this 
case, 4-line display is always performed 
regardless of the N bit setting. (Table 18.) 

In a 4-line display, the cursor automatically 
moves from the first to the second line after 
the 20th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be set 
again after the 8th character is completed. 
Display shifts are performed on all lines 
simultaneously. 

Note: When using the internal reset, the electrical 
characteristics in the Power Supply 
Conditions Using Internal Reset Circuit 
table must be satisfied. If not, the HD66710 
must be initialized by instructions. See the 
section, Initializing by Instruction. 
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Table 15 8-Bit Operation, 16-Digit x 1-Line Display Example with Internal Reset 



step Instruction 
No. RS R/WD 7 D 6 D 5 D 4 D 3 D 2 D 1 D Display Operation 



1 Power supply on (the HD6671 is initialized by 
the internal reset circuit) 



Initialized. No display. 



2 Function set 




1 1 



Sets to 8-bit operation and 

selects 1 -line display. 

Bit 2 must always be cleared. 



3 Display on/off control 

1 1 1 



-i Turns on display and cursor. 
-J Entire display is in space mode 



because of initialization. 



4 Entry mode set 

00000001 10 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display is not shifted. 



5 Write data to CG RAM/DD RAM 

1 1 1 



Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. 



Write data to CG RAM/DD RAM 

1 1 1 



HI 



Writes I. 



Write data to CG RAM/DD RAM 

1 1 1 



| HITACHL 



Writes I 



Entry mode set 





1 1 1 



HITACHI 



Sets mode to shift display at 
the time of write. 



1 Write data to CG RAM/DD RAM 

1 1 



| ITACHI 



Writes a space. 
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Table 15 8-Bit Operation, 16-Digit x 1-Line Display Example with Internal Reset (cont) 
Step _ instruction 

No. RS R/WD 7 D 6 D 5 D 4 D 3 D 2 D t D Display Operation 

Tl Write data to CG RAM/DD RAM , A ^ LJ , til -i Writes M. 
1 1 1 1 1 l TACHIM - 1 



12 



13 


Write data to CG RAM/DD RAM 
1 1 1 


1 


1 


1 


| MICROKO_ 


Writes O. 


14 


Cursor or display shift 
1 








* 


* 


| MiCROKO 


-i Shifts only the cursor position 
J to the left. 


15 


Cursor or display shift 
1 








* 


* 


| MICROKO 


-, Shifts only the cursor position 
J to the left. 


16 


Write data to CG RAM/DD RAM 
1 1 





1 


1 


| ICROCO 


-i Writes C over K. 

J The display moves to the left. 


17 


Cursor or display shift 
1 


1 


1 




* 


| MICROCO 


-. Shifts the display and cursor 
■J position to the right. 


18 


Cursor or display shift 
1 





1 


* 


* 


| MICROCO. 


-i Shifts the display and cursor 
-1 position to the right. 


19 


Write data to CG RAM/DD RAM 
1 1 1 


1 





1 


| ICROCOM_ 


-. Writes M. 



20 



21 Return home I un-arm 1 ^ Gtums ^th display and cursor 

000000 001 ' Q |TACHI 1 to the original position 

(address 0). 
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Table 16 4-Bit Operation, 16-Digit x 1-Line Display Example with Internal Reset 



Instruction 



No. 


RS R/WD 7 D 6 


D 5 


D 4 D 3 


D 2 D 1 D Display 


Operation 


1 


Power supply on (the HD6671 is 
the internal reset circuit) 


initialized by j 


-i Initialized. No display. 


2 


Function set 



1 


- 


i — 


-i Sets to 4-bit operation. 
J Clear bit 2. In this case, 

operation is handled as 8 bits 

by initialization. 


3 


Function set 




1 
* 


- 
* — 


. . . i — 


-i Sets 4-bit operation and selects 
-> 1 -line display. Clear bit 2. 

4-bit operation starts from 

this step. 


4 


Display on/off control 

111 


- 
- 


i — 


-i Turns on display and cursor. 
J Entire display is in space mode 
because of initialization. 


5 


Entry mode set 

1 



1 


- 
- 




Sets mode to increment the 
-I address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


6 


Write data to CG RAM/DD RAM 
1 1 - 
1 1 - 


I H_ 


-, Writes H. 

-I DDRAM has already been 
selected by initialization. 



Note: The control is the same as for 8-bit operation beyond step #6. 
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Table 17 8-Bit Operation, 16-Digit x 2-Line Display Example with Internal Reset 
Step Instruction 

No. RS R/WD 7 D 6 D 5 D 4 D 3 D 2 D 1 D Display Operation 



1 Power supply on (the HD6671 is initialized by 
the internal reset circuit) 



Initialized. No display. 



2 Function set 

1 1 1 * * 



Sets to 8-bit operation and 
selects 1 -line display. 
Clear bit 2. 



3 Display on/off control 

1 1 1 



Turns on display and cursor. 
All display is in space mode 
because of initialization. 



4 Entry mode set 

00000001 10 



Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display is not shifted. 



5 Write data to CG RAM/DD RAM 

1 1 1 



7 Write data to CG RAM/DD RAM 

1 1 1 1 



Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. 



HITACHI 



Writes I. 



8 Set DD RAM address 

1 1 



HITACHI 



Sets RAM address so that the 
cursor is positioned at the head 
of the second line. 
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Table 17 8-Bit Operation, 16-Digit x 2-Line Display Example with Internal Reset (cont) 
Instruction 

Operation 



Step 



No. RS R/WD 7 D 6 D 5 D 4 D 3 D 2 D t D Display 



Write data to CG RAM/DD RAM 
1 1 1 1 



HITACHI 



M 



Writes a space. 



10 



1 1 Write data to CG RAM/DD RAM 

1 1 1 1 1 1 



HITACHI 



MICROCO 



Writes O. 



12 Entry mode set 





1 1 1 



HITACHI 



MICROCO. 



Sets mode to shift display at 
the time of write. 



1 3 Write data to CG RAM/DD RAM 

1 1 1 1 1 



ITACHI 



ICROCOM 



Writes M. 



14 



15 Return home 

00000000 



HITACHI 



MICROCOM 



Returns both display and cursor 
to the original position 
(address 0). 
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Table 18 8-Bit Operation, 8-Digit x 4-Line Display Example with Internal Reset 
Step _ Instruction 

No. RS R/WP 7 P 6 P 5 D 4 D 3 P 2 Dp Display Operation 



1 Power supply on (the HD6671 is initialized by 
the internal reset circuit) 



Initialized. No display. 



Function set 




1 1 



Sets to 8 bit operation and the 
extended register enable bit. 



4-line mode set 





Sets 4-Hne display. 



4 Function set 

Clear extended register enable bit 
00001100** 



Clears the extended register 
enable bit. Setting the N bit is 
"don't care". 



5 Display on/off control 

000000 1 1 10 



Turn on display and cursor. 
Entire display is in space mode 
because of initialization. 



6 Entry mode set 

00000001 10 



Set mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. Display is not 
shifted. 



7 Write data to CGRAM/DDRAM 

1 1 1 



Write H. DDRAM has already 
been selected by initialization 
when the power was turned on. 
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Table 18 8-Bit Operation, 8-Digit x 4-Line Display Example with Internal Reset (cont) 
Step Instruction 

No. RS R/WD 7 D 6 D 5 D 4 D 3 D 2 D t D Display Operation 



9 Write data to CGRAM/DDRAM 
1 1 1 



1 
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Write I. 



10 



Set DDRAM address 
10 1 



HITACHI 



Sets RAM address so that the 
cursor is positioned at the head 
of the second line. 



1 1 Write data to CGRAM/DDRAM 

1 1 1 
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Write 0. 
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Initializing by Instruction 

If the power supply conditions for correctly initialization by instructions becomes necessary, 
operating the internal reset circuit are not met, 



Q Power on ^ 



• Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vcc = 5 V) 

• Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vcc = 3V) 







RS R/WDB7 DB 6 DB 5 DB 4 DB3 DB2 DB, DBq 
00001 1 **** 







|BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



Wait for more than 4.1 ms 







RS R/WDB7 DB 6 DB 5 DB 4 DB3 DB2 DBi DBq 
00001 1 * * * * 







I BF cannot be checked before this instruction. 
Function set (interface is 8 bits long.) 



Wait for more than 1 00 us 







RS R/W DB7 DB 6 DB 5 
1 


DB 4 DB3 DB2 DBi DBq 
-]**** 



| BF cannot be checked before this instruction? 
Function set (Interface is 8 bits long.) 



RS R/WDB 7 DB 6 DB 5 
1 


DB 4 DB3 DB2 DBi DBq 
1 N * * 





10 





1 





1 l/D S 







Initialization ends 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 



Function set. 
Display off 
Display clear 
Entry mode set 
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c 



Power on 



• Wait for more than 15 ms 

after Vcc rises to 4.5 V 

(Vcc = 5V) 
» Wait for more than 40 ms 

after Vcc rises to 2.7 V 

(Vcc = 3 V) 



T 



RS FVW DB7 DBg DB5 DB 4 
1 1 



Wait for more than 4.1 ms 



RS R/W DB7 DBe DB5 DB 4 
1 1 



Wait for more than 100 us 



RS R/WDB7 DBe DB5DB4 
1 1 



Initialization ends 



RS R/WDB7 DBe DB5 DB 4 
1 





1 


N 


* * 








1 














1 











1 l/D S 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 



Function set (4-bit mode). 

Function set (4-bit mode, N specification). 

Display off 

Display clear 

Entry mode set (l/D, S specification) 



Figure 29 4-Bit Interface 
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Horizontal Dot Scroll 

Dot unit shifts are performed by setting the with character unit display shift instructions, 
horizontal dot scroll bit (HDS) when the extension smooth horizontal scrolling can be performed on a 
register is enabled (RE = 1). By combining this 6-dot font width display as shown below. 



5-dot font width (FW = 0) 

No shift performed 
Shift to the left by one dot 
Shift to the left by two dots 
Shift to the left by three dots 
Shift to the left by four dots 



6-dot font width (FW = 1) 

No shift performed 
Shift to the left by one dot 
Shift to the left by two dots 
Shift to the left by three dots 
Shift to the left by four dots 
Shift to the left by five dots 



Figure 30 Shift in 5- and 6-Dot Font Width 



(1) Method of smooth scroll to the left 

\ 

RS R/W DB7 DBS DB5 DB4 DB3 DB2 DB1 DBO 
" I I | I 1 | DL| N [V-lfrj » I 

I | 



CPU Wait 



| | 



Enable the extension register 

Shift the whole display to the left by one dot 

Shift the whole display to the left by two dots 



CPU Wait 



| | 



H ♦ | ♦ | ♦ | » | Shift the whole display to the left by three dots 



CPU Wait 



| | 



CPU Wait 



| I 



* I * I * I 



CPU Walt 



1 



| o I I | | 1 



Shift the whole display to the left by four dots 
Shift the whole display to the left by five dots 01 
Perform no shift 

Shift the whole display to the left by one character* 2 



CPU Wait 

ZJ — 



Notes: 1. When the font width is five (FW = 0), this step is skipped. 
2. The extended register enable bit (RE) is cleared. 
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(2) Method of smooth scroll to the right 






RS 


■I 

R/W DB7 DB6 DB5 0B4 DB3 DB2 DB1 DBO 


Shift the whole display to the right by one 
character * 2 




1 I o I 


I I I I 1 I 1 ^1 I ♦ 1 * 1 










2 | | 


| | | 1 |DL| N | | * | * I 


Enable the extension register 






| CPU Wait | 






3| | 


I 1 ■■■■ ♦ I ♦ I ♦ I * I 


Shift the whole display to the left by five dots* 1 






| CPU Wait | 






4|0| 


o 1 1 ^^^H * I *L* I *J 


Shift the whole display to the left by four dots 






| CPU Wait | 






si 1 


o I 1 llllliliil * I ♦ I * I * I 
I 1 iwlrllwlM * 1 * 1 * 1 * 1 


Shift the whole display to the left by three dots 






| CPU Wait _J 






6| | 


o|i|ft«WPj.|.|.|.| 


Shift the whole display to the left by two dots 






| CPU Wait | 






7|0| 


o 1 1 mm*4 • i • i • i • i 


Shift the whole display to the left by one dot 






| CPU Wait | 






8|0| 


° 1 1 mimm • i • i * i ♦ i 


Perform no shift 










Notes: 1. When the font width is five (FW = 0), this step is skipped. 
2. The extended register enable bit (RE) is cleared. 



Figure 31 Smooth Scroll to the Left (cont) 
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Low Power Mode 



When LP bit is 1 and the EXT pin is low (without 
an extended driver), the HD66710 operates in low 
power mode. In 1-line display mode, the HD66710 
operates on a 4-division clock, and in 2-line or 4-line 
display mode, it operates on 2-division clock. 



So, instruction execution takes four times or twice 
as long. Notice that in this mode, display shift and 
scroll cannot be performed. Clear display shift 
with the return home instruction, and the 
horizontal scroll quantity. 



Extended register enable 






Clear horizontal scroll quantity 
HDS ■ "000" 






Set a low power mode 






Return home 












Reset a power mode 






Return home 



RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 















1 


DL 


N 




BE 





RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 








1 


o 


o o 





AS2 


AS1 


ASO 


RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 














1 


DL 


N 


1 


BE 


-V 


RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


























.j 






Note: In this operation, instruction execution time 
takes four times or twice as long. 



RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 















1 


DL 


N 




BE 




RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
































Figure 32 Low Power Mode Operation 
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Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Notes* 


Power supply voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


1 


Power supply voltage (2) 


V C c-V 5 


-0.3 to +15.0 


V 


1.2 


Input voltage 


v t 


-0.3 to V cc +0.3 


V 


1 


Operating temperature 


T"opr 


-20 to +75 


°c 


3 


Storage temperature 


Tstg 


-55 to +125 


°c 


4 



Notes: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 

Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction 
and cause poor reliability. 

* Refer to the Electrical Characteristics Notes section following these tables. 



DC Characteristics (V cc = 2.7 V to 5.5 V, T a = -20°C to +75°C* 3 ) 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


Notes* 


Input high voltage (1) 
(except OSC^ 


V,H1 


0.7V CC 


— 


Vcc 


V 




6 


Input low voltage (1 ) 


V|L1 


-0.3 




0.2V CC 


V 




6 


(except OSC^ 




-0.3 


- 


0.6 








Input high voltage (2) 
(OSC0 


V|H2 


r\ TV/ 

0.7V CC 




V CC 


V 




15 


Input low voltage (2) 
(OSC,) 


V|L2 






0.2V CC 


V 




15 


Output high voltage (1 ) 
(D -D 7 ) 


V0H1 


0.75V CC 






V 


-Iqh = 0.1 mA 


7 


Output low voltage (1 ) 
(Do-D 7 ) 


VoL1 






0.2V CC 


V 


Iql - 0.1 mA 


7 


Output high voltage (2) 
(except D -D 7 ) 


V OH2 


0.8V CC 






V 


-Iqh ■ 0.04 mA 


8 


Output low voltage (2) 
P -D 7 ) 


VOL2 






0.2V CC 


V 


Iql = 0.04 mA 


8 


Driver on resistance 
(COM) 


R COM 






20 


kft 


±ld = 0.05 mA (COM) 


13 


Driver on resistance 
(SEG) 


R SEG 






30 


kQ 


±ld ■ 0.05 mA (SEG) 


13 


I/O leakage current 


Ili 


-1 




1 


uA 


V|N«0toV cc 


9 


Pull-up MOS current 
(D -D 7 , RS, R/W) 


-lp 


10 


50 


120 


uA 


V CC -3V 




Power supply current 


1ST 




TBD 


TBD 


mA 


Rf oscillation, 
external clock 
V CC - 3V, f 0S c - 270 kHz 


10,14 


LCD voltage 


V LCD1 


3.0 




13.0 


V 


V C c-V 5 , 1/5 bias 


16 




V LCD2 


3.0 




13.0 


V 


V CC -V 5 , 1/4 bias 


16 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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Booster Characteristics 



Item 


Symbol Min 


iyp 


Max 


Unit 


Test Condition 


Notes* 


Output voltage Vup 2 — 
(V50UT2 pin) 


TBD 




V 


V ci . 4.5 V, l - 0.5 mA, 
T a = 25°C 


a a 
lo 


Output voltage Vup3 — 
(V50UT3 pin) 


TBD 




V 


V cj - 3 V, l - 0.3 mA, 
T a . 25°C 


18 


Input voltac 


je V CI 2.5 




4.5 


V 




18 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 




AC Characteristics (V cc = 2.7 V to 5.5 V, T a = -20°C to +75°C*3) 




Clock Characteristics 












Item 




Symbol 


Min Typ 


Max 


Unit Test Condition 


Notes* 


External 


External clock frequency 




125 270 


410 


kHz 


11 


clock 
operation 


External clock duty 


Duty 


45 50 


55 


% 




External clock rise time 


*rcp 




0.2 


u,s 






External clock fall time 


tap 




0.2 


U.S 




Rf 

oscillation 


Clock oscillation frequency 


fosc 


190 270 


350 


kHz R f »75kfl, 
Vcc-3 V 


12 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 



402 



HITACHI 



HD66710 



Bus Timing Characteristics (1) (V cc = 2.7 V to 4.5 V, T a = -20°C to +75°C*3) 
Write Operation 

Kern Symbol Min T/p Max Unit Test Condition 

Enable cycle time tcycE 1000 — — ns Figure 33 



Enable pulse width (high level) 


PW EH 


450 — 




Enable rise/fall time 


ten *Ef 




25 


Address set-up time (RS, R/W to E) 


Us 


60 — 




Address hold time 


Uh 


20 — 




Data set-up time 


*dsw 


195 — 




Data hold time 


t H 


10 — 





Read Operation 

Item Symbol Min iyp Max Unit Test Condition 

Enable cycle time t cy< £ 1000 — — ns Figure 34 



Enable pulse width (high level) 


PW EH 


450 — 




Enable rise/fall time 


ter. *Ef 




25 


Address set-up time (RS, R/W to E) 


tAS 


60 — 




Address hold time 


Uh 


20 — 




Data delay time 


tDDR 




360 


Data hold time 


tDHR 


5 — 
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Bus Timing Characteristics (2) (V cc = 4.5 V to 5.5 V, T a = -20°C to +75°C*3) 
Write Operation 

Item Symbol Min Typ Max Unit Test Condition 

Enable cycle time t cyC £ 500 — — ns Figure 33 



Enable pulse width (high level) 


PW EH 


230 — 




Enable rise/fall time 






20 


Address set-up time (RS, R/Wto E) 


tAS 


40 — 




Address hold time 


tAH 


10 — 




Data set-up time 


tpsw 


60 — 





Data hold time t H 1 



Read Operation 

Unit Test Condition 

ns Figure 34 



Item 


Symbol 


Min 




Max 


Enable cycle time 


tcycE 


500 






Enable pulse width (high level) 


PW EH 


230 






Enable rise/fall time 


tEftEf 






20 


Address set-up time (RS, R/W to E) 


tAS 


40 






Address hold time 


tAH 


10 






Data delay time 


tDDR 






160 



Data hold time t DHR 



Segment Extension Signal Timing (V C c = 2.7 V to 5.5 V, T a = -20°C to +75°C* 3 ) 
Item Symbol Min Typ Max Unit Test Condition 

Clock pulse width High level tcwH 800 — — ns Figure 35 



Low level t CWL 800 



Clock set-up time 


tcsu 


500 — 




Data set-up time 


tsu 


300 — 




Data hold time 


tDH 


300 — 




M delay time 


tDM 


-1000 — 


1000 



Clock rise/fall time tct — — TBD 



Power Supply Conditions Using Internal Reset Circuit 

Item Symbol Min Typ Max Unit Test Condition 

Power supply rise time t rCC 0.1 — 10 ms Figure 36 

Power supply off time toFF 1 — — 
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Electrical Characteristics Notes 

1. All voltage values are referred to GND = V. If the LSI is used above these absolute maximum 
ratings, it may become permanently damaged. Using the LSI within the following electrical 
characteristic limits is strongly recommended for normal operation. If these electrical characteristic 
conditions are also exceeded, the LSI will malfunction and cause poor reliability. 

2. V cc ^ VI £ V2 £ V3 £ V4 > V5 must be maintained. In addition, if the SEG37/CL1, SEG38/CL2, 
SEG39/D, and SEG40/M are used as extension driver interface signals (EXT = high), GND > V5 
must be maintained. 

3. For die products, specified up to 75°C. 

4. For die products, specified by the die shipment specification. 

5. The following four circuits are I/O pin configurations except for liquid crystal display output. 



Input pin 

Pin: E (MOS without pull-up) 



Pins: RS, R/W (MOS with pull-up) 



o- 




l/O pin 

Pins: DB -DB 7 
(MOS with pull-up) 




Vcc 

~|~ (input circuit) 
PMOS 



(pull-up MOS) 



Input enable 



o- 



NMOS 



NMOS 



NMOS 



PMOS 




(output circuit) 
(tristate) 



<0 f =: 



Output 
enable data 



6. Applies to input pins and I/O pins, excluding the OSCi pin. 



7. Applies to I/O pins. 
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8. Applies to output pins. 

9. Current flowing through pull-up MOSs, excluding output drive MOSs. 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 
level must be fixed high or low. 

11. Applies only to external clock operation. 



Oscillator 




OSC1 


Open 




OSC2 



0.7 V cc 
0.5 V cc 
0.3 V cc 



Duty - 




Th 



Th + TI 



x 100% 



12. Applies only to the internal oscillator operation using oscillation resistor R f . 



R f : 75 kQ ± 2% (when V cc - 3 V to 4 V) 
OSC1 R f : 91 kQ ± 2% (when V cc - 4 V to 5 V) 



OSC2 



Since the oscillation frequency varies depending on the OSC1 and 

OSC2 pin capacitance, the wiring length to these pins should be minimized. 
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13. Rcom is resistance between the power supply pins (V cc , VI, V4, V5) and each common 
signal pin (COM1 to COM33). 

R SEG is the resistance between the power supply pins (Vcc» V2, V3, V5) and each segment signal pin 
(SEGltoSEG40). 

14. The following graphs show the relationship between operation frequency and current consumption. 




100 200 300 400 500 

fOSC or fcp (kHz) 



~i.8r 

1.6- 
1.4- 
1.2- 
1.0- 
0.8- 
0.6" 
0.4- 
0.2- 

o.oi: 



Vcc = 4V 



typ. 



100 200 300 400 500 

fOSC or fcp (kHz) 



1.8r 
1.6- 
1.4- 
1.2- 
1.0- 
0.8- 
0.6- 
0.4- 
0.2- 



Vcc = 3V 



100 200 300 400 
fOSC or fcp (kHz) 



typ. 
500 



15. Applies to the OSC1 pin. 

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (V cc , VI, V2, V3, V4, V5) 
when there is no load. 

17. The TEST pin must be fixed to the ground, and the EXT or Vcc pin must also be connected to the 
ground. 

18. Booster characteristics test circuits are shown below. 



Boosting twice 
I 



Vcc 



V50UT2 

V50UT3 
GND 

T — 



Vci 
C1 

C2r— T + 
IliF 



1HF 
10 ka 



Boosting three times 



T 




Vcc 

Vci 
C1 

C2 


I + 


V50UT2 




V50UT3 
GND 


1 \iF 10 kQ 





T" 
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Load Circuits 

AC Characteristics Test Load Circuits 

Data bus: DB0-DB7 Segment extension signals: CL1 , CL2, D, M 



Test q Test q 

point 1 



50 pF -p ^ 30 pF 
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Timing Characteristics 



RS 



R/W 



DB to DB 7 



x 



Viu 



VlLlA 



tAS 



V, L 1 



PW EH 



V|H1 
V|L1 



V|H1 
V|L1 



■t& 



tDSW 



tAH 



V,L1 



tAH 



■t£f 



Valid data 



V|H1 
V, L 1 



K 



tcycE 



Figure 33 Write Operation 



RS 



R/W 



DB to DB 7 



X 



7^ 



V,H1 
V|L1 



V,H1 
V|L1 



X 



tAS 



pw eh 



V| H 1 
V|L1 

t Er 

tDDR 



V,H1 
VlLI 



\ 



tAH 



tAH 



•t£f 



tDHR 



Valid data 



Voh. 
Von 



K 



tcycE 



Figure 34 Read Operation 
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Figure 35 Interface Timing with External Driver 




0.1 ms < t rcc ^ 1 ms 



toFF £1 ms 



Notes: 1 . toFF compensates for the power oscillation period caused by momentary power 
supply oscillations. 

2. Specified at 4.5 V for standard voltage operation, and at 2.7 V for low voltage operation. 

3. If the above electrical conditions are not satisf ied, the internal reset circuit will not 
operate normally. In this case, the LSI must be initialized by software. (Refer to the 
Initializing by Instruction section.) 



Figure 36 Power Supply Sequemce 
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HD66712(LCD-II/F12) — 

(Dot Matrix Liquid Crystal Display 
Controller/Driver) 



Description 

The HD66712 dot-matrix liquid crystal display 
controller and driver LSI displays alphanumerics, 
numbers, and symbols. It can be configured to 
drive a dot-matrix liquid crystal display under the 
control of a serial or a 4- or 8-bit microprocessor. 
Since all the functions such as display RAM, 
character generator, and liquid crystal driver, 
required for driving a dot-matrix liquid crystal 
display are internally provided on one chip, a 
minimum system can be interfaced with this 
controller/driver. 

A single HD66712 is capable of displaying a 
single 24-character line, two 24-character lines, or 
four 12-character lines. 

The HD66712 software is upwardly compatible 
with the LCDII (HD44780) which allows the user 
to easily replace an LCD-II with an HD66712. In 
addition, the HD66712 is equipped with functions 
such as segment displays for icon marks, a 4-line 
display mode, and a horizontal smooth scroll, and 
thus supports various display forms. This achieves 
various display forms. The HD66712 character 
generator ROM is extended to generate 240 5 x8 
dot characters. 

The low-voltage operation (2.7 V) of the 
HD66712, combined with a low-power mode, is 
suitable for any portable battery-driven product 
requiring low power consumption. 



Features 

• 5 x 8 dot matrix possible 

• Clock-synchronized serial interface capability; 
can interface with 4- or 8-bit MPU 

• Low-power operation support: 



— 2.7 to 5.5 V (low voltage) 

— Wide liquid-crystal voltage range: 3.0 to 
13.0 V max. 

• Booster for liquid crystal voltage 

— Two/three times (13 V max.) 

• High-speed MPU bus interface 
(2MHz at 5-V operation) 

• Extension driver interface 

• Character display and independent 60-icon 
mark display possible 

• Horizontal smooth scroll by 6-dot font width 
display possible 

• 80 x 8-bit display RAM (80 characters max.) 

• 9,600-bit character generator ROM 

— 240 characters (5x8 dot) 

• 64 x 8-bit character generator RAM 

— 8 characters (5x8 dot) 

• 16 x 8-bit segment icon mark 

— 96-segment icon mark 

• 34-common x 60-segment liquid crystal 
display driver 

• Programmable duty cycle 
(See list 1) 

• Software upwardly compatible with HD44780. 

• Wide range of instruction functions: 

— Functions compatible with LCD-II: 
Display clear, cursor home* display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

— Additional functions: Icon mark control, 4- 
line display, horizontal smooth scroll, 6-dot 
character width control, white-black 
inverting blinking cursor. 

• Automatic reset circuit that initializes the 
controller/driver after power on (standard 
version only) 

• Internal oscillator with an external resistor 
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• Low power consumption 

• QFP 1420-128 pin, TCP-128 pin, bare-chip. 



List 1 Programmable duty cycles 

5-dot font width 



Single-chip Operation With Extension Driver 



Number of 




Displayed 




Displayed 


Lines 


Duty Ratio 


Characters 


Icons 


Characters Icons 


1 


1/17 


One 24- 


60 


One 52- 80 






character line 




character line 


2 


1/33 


Two 24- 


60 


Two 32- 80 






character lines 




character lines 


4 


1/33 


Four 24- 


60 


Four 20- 80 






character lines 




character lines 








6-dotfont width 






Single-chip Operation 


With Extension Driver 


Number of 




Displayed 




Displayed 


Lines 


Duty Ratio 


Characters 


Icons 


Characters Icons 


1 


1/17 


One 20- 


60 


One 50- 96 






character line 




character line 


2 


1/33 


Two 20- 


60 


Two 30- 96 






character lines 




character lines 


4 


1/33 


Four 10- 


60 


Four 20- 96 






character lines 




character lines 
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LCD-II Family Comparison 





LCD-II 


LCD-II/E20 


LCD-II/F8 


LCD-II/F12 


Item 


(HD44780U) 


(HD66702) 


(HD66710) 


HD6671 2 


Power supply voltage 


2.7 V to 5.5 V 


5 V±10% 


2.7 V to 5.5 V 


2.7 V to 5.5 V 






(standard) 










2.7 V to 5.5 V 










\IOW voiiagey 






Liquid crystal drive 


o.o ton v 


O ft \/ "7 ft V/ 

o.U v to /.U V 


O ft <n 1 O ft \/ 

o.O tO lo.O V 


O ft *r\ 1 O ft W 

o.U tO lo.O V 


vonage 










Maximum display 


8 characters 


20 characters 


1 6 characters x 


24 characters x 


digits per chip 


x 2 lines 


x 2 lines 


2 lines/ 


2 lines/ 








8 characters x 4 


12 characters x 4 








lines 


lines 


Segment display 


None 


None 


40 segments 


60 segments 


Display duty cycle 


1/8, 1/11, and 


1/8, 1/11, and 


1/17 and 1/33 


1/17 and 1/33 




i /i C 

i/ib 


l/l o 






VAJriwIVI 




7 90,0, hitc 

/ ,£UU UllO 


q fion hitc 

9,OUU UllO 


Q fiOO hitc 




(208 5 x 8 dot 


(160 5x7dot 


(240 5 x 8 dot 


(240 5 x 8 dot 




characters and 


characters and 


characters) 


characters) 




od OXIU 001 


OC. OX 1U OOl 








characters) 


characters) 






CGRAM 


64 bytes 


64 bytes 


64 bytes 


64 bytes 


nnQAM 
uuriMivi 


Qft. kiilae 

ou oyies 


ou oyies 


QO hi/toe 
OU Dy 165 


QA hi/foc 

ou uyies 


SEGRAM 


None 


None 


8 bytes 


1 6 bytes 


Segment signals 


40 


100 


40 


60 


Common signals 


16 


16 


33 


34 


Liquiu crystal unve waveiurm 


A 


B 


B 


B 


Bleeder resistor for LCD 


External 


External 


External 


External 


power supply 


(adjustable) 


(adjustable) 


(adjustable) 


(adjustable) 


Clock source 


External resistor 


External resistor 


External resistor 


External resistor 




or external clock 


or external clock 


or external clock 


or external clock 


R# ACftillatiftn from lon^u 
rif uo(*iiicuiuii 11 w|Utni\*y 


270 kHz ±30% 


320 kHz ±30% 


270 kHz ±30% 


270 kHz ±30% 


(frame frequency) 


(59 to 110 Hz for (70 to 130 Hz for (56 to 103 Hz for (56 to 103 Hz for 




1/8 and 1/16 duty 1/8 and 1/16 duty 1/17 duty cycle; 


1/17 duty cycle; 




cycle; 43 to 80 


cycle; 51 to 95 


57 to 106 Hz for 


57 to 106 Hz for 




Hz for 1/11 duty 


Hz for 1/11 duty 


1/33 duty cycle) 


1/33 duty cycle) 




cycle) 


cycle) 






Rt resistance 


91 kfl: 5-V 


68 kQ: 5-V 


91 kQ: 5-V 


91 kQ: 5-V 




operation; 


operation 


operation; 


operation; 




75 kfl: 3-V 


56 kQ: (3-V 


75 kQ: 3-V 


75 kft: 3-V 




operation 


operation) 


operation 


operation 
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LCD-II Family Comparison (cont) 



Item 


LCD-II 
(HD44780U) 


LCD-II/E20 
(HD66702) 


LCD-II/F8 
(HD66710) 


LCD-II/F12 
HD66712 


Liquid crystal voltage 
booster circuit 


None 


None 


2-3 times step- 
up circuit 


2-3 times step- 
up circuit 


Extension driver control signal 


Independent 
control signal 


Independent 
control signal 


Used in common Independent 
with a driver control signal 
output pin 


Reset function 


Power on 
automatic 
reset 


Power on 
automatic 
reset 


Power on 
automatic 
reset 


Power on 
automatic reset 
or Reset input 


Instructions 


LCD-II 
(HD44780) 


Fully compatible 
with the LCD-II 


Upper 

compatible with 
the LCD-II 


Upper compatible 
with the LCD-II 


Number of displayed 
lines 


1 or 2 


1 or 2 


1,2, or4 


1,2, or 4 


Low power mode 


None 


None 


Available 


Available 


Horizontal scroll 


Character unit 


Character unit 


Dot unit 


Dot unit 


Bus interface 


4 DltS/o DIIS 


4 bits/8 bits 


4 bits/8 bits 


Serial; 

4 bits/8 bits 


CPU bus timing 


2 MHz: 5-V 
operation; 
1 MHz: 3-V 
operation 


1 MHz 


2 MHz: 5-V 
operation; 
1 MHz: 3-V 
operation 


2 MHz: 5-V 
operation; 
1 MHz: 3-V 
operation 


Package 


QFP-1 420-80 
80-pin bare chip 


LQFP-2020-144 QFP-1 420-1 00 QFP-1420-128 
144-pin bare chip 100-pin bare chipTCP-128 

1 28-pin bare chip 
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HD66712 Block Diagram 



OSC1 OSC2 



Reset circuit 
ACL 




— 









i 



Timing generator 



RS/CS*. 
E/SCLK- 
RW/SID- 



System 
interface 
• Serial 
•4 bits 
•8 bits 





Instruction register 




instruction 




(IR) 




decoder 









/fl 



Address counter 



8 



registei 
PR) 



C1 
C2 



i. 



/f 8 



(RAM 
(SGRAM) 
16 bytes 



Display data RAM 
(00 RAM) 
80x8 bits 



| A 



,'8 



Character 
generator RAM 

(CGRAM) 

64 bytes 



,'8 



Character 

generator ROM 
(CGROM) 
9,600 bytes 



A 
I 



60-bit 

shin 

register 



ii 



COM0- 
COM33 



Segment 

signal 

driver 



Cursor and 

bling 

controller 



Parallolfserial converter 
and smooth scroll circuit 



a 



LCD drive 
voltage 



A A A A A 

VI V2 V3 V4 V5 
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HD66712 Pin Arrangement 



SEG44 
SEG45 
SEG46 
SEG47 
SEG48 
SEG49 
SEG50 
SEG51 
SEG52 
SEG53 
SEGS4 
SEG55 
SEG56 
SEG57 
SEG58 
SEG59 
SEG60 
C0M9 
COM10 
COM 11 
COM12 
COM13 
COM14 
COM15 
COM16 
COM25 
COM26 
COM27 
COM28 
COM29 
COM30 
COM31 
COM32 
COM33 
Vcc 
OSC2 
OSC1 
CL1 



CZ 
CZ 



CZ 



CZ 
CZ 
CZ 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Q 16 
17 
18 

EZJ 19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 




n nn n n n n pnn nn 



» a a a a 8 % S2 $s s s z $2 ~ - * g § £ g g g g 



LCD-II/F12 

(Top view) 




uuuuuuuuuuuuu 



102 1 

101 ZD 
100 ZD 
99 I 
98 — | 

97 ZD 
96 1 

95 ZD 
94 ZD 

93 ZD 
92 j 

91 ZD 

90 1 

89 ZD 
88 1 

87 ZD 
86 I 
85 ZD 
84 ZD 
83 1 

82 | 
81 ZD 

so ZD 

79 ZD 
78 1 

77 ZD 

76 ZD 
75 ZD 
74 ZD 
73 ZD 
72 ZD 

7 1ZD 
70 ZD 

69 1 

68 ZD 

67 ZD 
66 1 



SEG17 
SEG16 
SEG15 
SEG14 
SEG13 
SEG12 
SEG11 
SEG10 
SEG9 
SEG8 
SEG7 
SEG6 
SEG5 
SEG4 
SEG3 
SEG2 
SEG1 
COM0 
COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 
COM17 
COM18 
COM19 
COM20 
COM21 
COM22 
COM23 
COM24 
V1 
V2 
V3 
V4 
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HD66712 Pad Arrangement 



8 3 



a"8§333oo§55 
_ ____ UJUJUJ UJUJUJUJUJ LU HI 

CO<O<OCOCOCOCOC0CO<0COC0COCO(OC0C0<OOC0COCO C/) </) 



SEG44 
SEG45 
SEG46 
SEG47 



SEG51 
SEG52 
SEG53 
SEG54 
SEG55 
SEG56 
SEG57 
SEG58 
SEG59 



m 
m 

CD 
Q3 

SEG48ICEI 
SEG49 
SEG50|CZ3 
S3 

□0 
rrcn 

HI] 
DEI 
OS] 

fl4l 

on 
nrei 

SEG60|DZ1 
COM9 
COM10 
COM11 
COM12 
COM13 
COM14 
COM15 
COM 16 
COM25 
COM26 
COM27 
COM28 
COM29 
COM30 
C0M31 
COM32 
COM33 
Vcc 

OSC2 

OSC1 

CL1 



BiBBBiiBIBBBSigSBBSBlilBBai 



rrai 

CCD 

ED 
fg) 

1231 

_D 

f27l 
fgg| 
f291 

ram 
ED 

sa 

[Ml 

__) 

f551 
(371 



LCD-II/F12 
(Top view) 



Q3B 



1571 

rasi 
[Is] 
Si) 

(351 

ran 



[Ml 



[Ml 

rsn 
rsai 
CZS 
[75] 
(S3 
ES 
[__ 
__l 
CZ23 
[72] 
El 
[701 



rsn 



SEG17 

SEG16 

SEG15 

SEG14 

SEG13 

SEG12 

SEG11 

SEG10 

SEG9 

SEG8 

SEG7 

SEG6 

SEG5 

SEG4 

SEG3 

SEG2 

SEG1 

COMO 

COM1 

COM2 

COM3 

COM4 

C0M5 

COM6 

COM7 

COM8 

COM17 

COM18 

COM19 

COM20 

COM21 

COM22 

COM23 

COM24 

V1 

V2 

V3 

V4 
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Pin Functions 



Table 1 


Pin Functional Description 




Signal 


Number 
of pins 


I/O 


Device 

Interfaced with 


Function 


IM 


1 


I 




Selects interface mode with the MPU; 

Low: Serial mode 

High: 4-bit/8-bit bus mode 

(Bus width is specified by instruction.) 


RS/CS* 


1 


. 


MPU 


Selects registers during bus mode: 
Low: Instruction register (write); 
Busy flag, address counter (read) 
High: Data register (write/read) 
Acts as chip-select during serial mode: 
Low: Select (access enable) 
High: Not selected (access disable) 


RW/SID 


1 


i 


MPU 


Selects read/write during bus mode; 
Low: Write 
High: Read 

Inputs serial data during serial mode. 


E/SCLK 


1 


I 


MPU 


Starts data read/write during bus mode; 

Inputs (Receives) serial clock during serial mode. 


DB4 to 
DB 7 


4 


I/O 


MPU 


Four high-order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the HD66712. 
DB7 can be used as a busy flag. Open these pins during 
serial mode since these signals are not used. 


DB1 to 
DB 3 


3 


I/O 


MPU 


Three low order bidirectional tristate data bus pins. 
Used for data transfer between the MPU and the 
HD66712. Open these pins during 4-bit operation or 
serial mode since they are not used. 


DBO/ 
SOD 


1 


I/O 
10 


MPU 


The lowest bidirectional data bit (DBO) during 8-bit bus 
mode. Open these pins during 4-bit mode since they are 
not used. 

Outputs (transfers) serial data during serial mode. Open 
this pin if reading (transfer) is not performed. 


COMo to 
COM33 


34 





LCD 


Common signals; those that are not used become non- 
selected waveforms. At 1/17 duty rate, COM1 to COM16 
are used for character display, COMo and COM17 for 
icon display, and COM18 to COM33 become non- 
selected waveforms. At 1/33 duty rate, COM1 to COM32 
are used for character display, and COMo and COM33 for 
icon display. Because two COM signals output the same 
level simultaneously, apply them according to the wiring 
pattern of the display device. 


SEG1 to 


60 





LCD 


Segment output signals 



SEGeo 
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Table 1 Pin Functional Description (cont) 



Signal 


Number 
of pins I/O 


Device 

Interfaced with 


Function 


CL1 


1 


O 


Extension driver 


When EXT > high, outputs the extension driver latch 
pulse. 


CL2 


1 


O 


Extension driver 


When EXT « high, outputs the extension driver shift 
clock. 


D 




O 


Extension driver 


When EXT = high, outputs extension driver data; data 
from the 61st dot on is output. 


M 




O 


Extension driver 


When EXT - high, outputs the extension driver AC 
signal. 


EXT 




I 




When EXT = high, outputs the extension driver control 
signal. When EXT = low, the signal becomes tristate 
and can suppress consumption current. 


Vi to V5 


5 




Power supply 


Power supply for LCD drive 
Vcc-Vs = 13 V(max) 


Vcc/GND 


2 




Power supply 


Vcc:+5 Vor+3V,GND:0V 


OSC1/OSC2 2 


— 


Oscillation 

resistor 

clock 


When crystal oscillation is performed, an external 
resistor must be connected. When the pin input is an 
external clock, it must be input to OSCi. 


Vci 


1 


I 




inputs voltage to the booster to generate the liquid 
crystal display drive voltage. 

X/H' P *> V to A R V 


V5OUT2 


1 


O 


V5 pin/ 

Booster 

capacitance 


Vnltano innut tn tho nin ic hooctorl tuui/^o AnH oiitniit 

VUlld^O JM|JUl l\J llltS VOI fJIII 19 UUUOlOU IWIOO dllvl UUlfJUl. 

When the voltage is boosted three times, the same 
capacitance as that of C1-C2 should be connected here. 


V5O.UT3 


1 


O 


V5 pin 


Voltage input to the Vci pin is boosted three times and 
output. 


C1/C2 


2 




Booster 
capacitance 


External capacitance should be connected here when 
using the booster. 


RESET* 


1 


I 




Reset pin. Initialized to "low". 


TEST 


1 


I 




Test pin. Should be wired to ground. 
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Function Description 
System Interface 

The HD66712 has three types of system interfaces: 
synchronized serial, 4-bit bus, and 8-bit bus. The 
serial interface is selected by the IM-pin, and the 
4/8-bit bus interface is selected by the DL bit in 
the instruction register. 

The HD66712 has two 8-bit registers: an 
instruction register (IR) and a data register (DR). 

The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
the display data RAM (DD RAM), the character 
generator RAM (CG RAM), and the segment 
RAM (SEG RAM). The MPU can only write to 
IR, and cannot be read from. 

The DR temporarily stores data to be written into 
DD RAM, CG RAM, or SEG RAM. Data written 
into the DR from the MPU is automatically written 
into DD RAM, CG RAM, or SEG RAM by an 
internal operation. The DR is also used for data 
storage when reading data from DD RAM, CG 
RAM, or SEG RAM. When address information 
is written into the IR, data is read and then stored 
into the DR from DD RAM, CG RAM or SEG 
RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM, CG RAM, or SEG RAM at the next address 
is sent to the DR for the next read from the MPU. 

These two registers can be selected by the regis tor 
selector (RS) signal in the 4/8 bit bus interface, 
and by the RS bit in start byte data in synchronized 
serial interface (table 2). 

Table 2 Resistor Selection 

RS R/W Operation 



Busy Flag (BF) 

When the busy flag is 1, the HD66712 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = and R/W = 1 
(table 2), the busy flag is output from DB7. The 
next instruction must be written after ensuring that 
the busy flag is 0. 

Address Counter (AC) 

The address counter (AC) assigns addresses to DD 
RAM, CG RAM, or SEG RAM. When an address 
of an instruction is written into the IR, the address 
information is sent from the IR to the AC. 
Selection of DD RAM, CG RAM, and SEG RAM 
is also determined concurrently by the instruction. 

After writing into (reading from) DD RAM, CG 
RAM, or SEG RAM, the AC is automatically 
incremented by 1 (decremented by 1). The AC 
contents are then output to DBo to DB6 when RS = 
and R/W = 1 (table 2). 



IR write as an internal operation (display clear, etc.) 

1 Read busy flag (DB7) and address counter (DBo to DBe) 

1 DR write as an internal operation (DR to DP RAM, CG RAM, or SEGRAM) 
1 1 DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR) 
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Display Data RAM (DD RAM) 

Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its capacity is 
80 x 8 bits, or 80 characters. The area in display 
data RAM (DD RAM) that is not used for display 
can be used as general data RAM. 

The DD RAM address (Add) is set in the address 
counter (AC) as a hexadecimal number, as shown 
in figure 1. 



The relationship between DD RAM addresses and 
positions on the liquid crystal display is described 
and shown on the following pages for a variety of 
cases. 



MSB 



LSB 



Example: DD RAM address 4E 



AC 



AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


AGO 



1 








1 


1 


1 






Figure 1 DD RAM Address 



422 



HITACHI 



HD66712 



1-line display (N = 0, and NW = 0) 

— Case 1: When there are fewer than 80 
display characters, the display begins at the 
beginning of DD RAM. For example, when 
24 5-dot font- width characters are displayed 
using one HD66712, the display is generated 
as shown in figure 2. 

When a display shift is performed, the DD 
RAM addresses shift as well as shown in the 
figure. 

When 20 6-dot font-width characters are 
displayed using one HD66712, the display is 
generated as shown in figure 3. Note that 
COM9 to COM16 begins at address (0A)H 
in this case.20 characters are displayed. 



When a display shift is performed, the DD 
RAM addresses shift as well as shown in the 
figure. 

- Case 2: Figure 4 shows the case where the 
EXT pin is fixed high and the HD66712 and 
the 40-output extension driver are used to 
display 24 6-dot font-width characters. 
In this case, COM9 to COM16 begins at 
(0A)H. 

When a display shift is performed, the DD 
RAM addresses shift as wellas shown in the 
figure. 



COM1 to 8 



1 2 3 4 5 6 7 8 910 11 12 131415 16171819 2021 22 23 24 ^» 

3 



1l|l2 13 1 14 7s|ll6 



Display position 
COM9 to 16 

* DDRAM address 



1 23 4 56789 101112 13141516171819 20212223 24 



COM1 to8— 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


odoc 



iiTTl 12 13"uj"l5 



COM9to16 (Left shift display) 



COM1 to 8" 



Os|o6 "otJ 



3E 



tt| i3| i4|is| is| — COM9to16 (Right shift display) 



Figure 2 1-line by 24-Character Display (5-dot font width) 



COM1 tO 8m 


1 2 345 6789 10 


11 1213141516171819 20 ^ Display position 


. 


01 


02 


03 


04 


05 


06 


07 


°r 




OA 


OB 


OC 


00 


OE 


OF 


10 


11 


2 13 


_ COM9to16 


1 23456789 10 


^ DDRAM address 

11121314151617181920 


COM1 to8— 


01 


02 


03 


04 


05 


06 


07 


06 


09 


OA 




OB 


OC 


00 


OE 


OF 


10 


11 


12 


13 


14 


COM9to16 (Left shift display) 










COM1 to 8— 


4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 




09 


OA 


OB OC OD 1 061 OF 


10 


11 


12 


— COM9to16 (Right shift display) 











Figure 3 1-line by 20-Character Display (6-dot font width) 
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LCD-iiyns — 

SEG1 to SEG60 



1 2 


3 4 


5 


6 


7 


8 


910 


11121314151617181920 




21 222324 


COM1 to8—|oo 


ot 


oe|o3 


04 


OS 


00 


07 


Os|o9 


OA 


•r 


OD 


OE 


OF 


10 


1l|l2 


13 




14 


15 


16 


17 



LUU-WH2 / E xtension dri ver 

SEG1 to SEG60 SEG1 to SEG24 



I Display position 

COM9to16 

— DDRAM address 



12 3 4 5 6 7 8 9 10 11 121314 151617181920 21222324 



COM1 to8»- 


01 


02 


03 04 


OS 


06 


07 


08 


09 


OA 






COM1 to 8— 


4F 


00 


0,02 


03 


04 


05 


06 


07 


08 



OB 


OC 


+ 


OF 






12 


13 


14 




15 


16 


17 


18 






























09 


OA 


H 00 


00 


OE 


OF 


10 


11 


12 




13 


14 


15 


16 



C0M9 to 1 6 (Left shift display) 
COM9 to 1 6 (Right shift display) 



Figure 4 1-line by 24-Character Display (6-dot font width) 



424 



HITACHI 



HD66712 



• 2-line display (N = 1, and NW = 0) 

— Case 1: The first line is displayed from 
COM1 to COM16, and the second line is 
displayed from COM17 to COM32. Note 
that the last address of the first line and the 
first address of the second line are not 
consecutive. Figure 5 shows an example 
where a 5-dot font-width 24 x 2-line 
display is performed using one HD66712. 



Here, COM9 to COM16 begins at (0C)H, 
and COM25 to COM32 at (4C)H. When a 
display shift is performed, the DD RAM 
addresses shift as shown. Figure 6 shows 
an example where a 6-dot font-width 20 x 
2-line display is performed using one 
HD66712. COM9 to COM16 begins at 
(0A)H, and COM25 to COM32 at (4A)H. 



12 3 4 5 6 7 8 9 101112 1314 1516171819 2021222324 



- Display position 



COM24 





ooj 01 


02 


03 


04 


OS 


06 


07 


08 1 08 


OA 


OB 




OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16|l7 
















































4oJ 41 


42 


43 


44 


45 


46 


47 


48 1 49 


4A 


4B 




4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56|s7 



. COM9-COM16 



^CTL— COM25-COM32 



DDRAM address 



123456789 101112 13 141516 171819 20 21222324 



COM1- 

COM8 
COM17- 
COM24 

COM1- 
COM8 ' 

COM17-, 
COM24 
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07 
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OE 
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51 
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54 
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01 


02 1 03 


04 


05 


06 


07 
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67 
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46 


47 


48 


49 
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OB 


OC 


00 


OE 


OF 
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12 


13|l4|l5jl6 


4B 


AC 


40 


4E 


4F 


scls, 


52 




55 


56 



COM9- 
'COM16 
B COM25~ 

COM32 

COM9- 
' COM16 
, COM25- 

COM32 



(Left shift display) 



(Right shift display) 



Figure 5 2-line by 24-Character Display (5-dot font width) 
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Display position 
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01 
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Figure 6 2-line by 20-Character Display (6-dot font width) 
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— Case 2: Figure 7 shows the case where the When a display shift is performed, the DD 
EXT pin is fixed high and the HD667 12 and the RAM addresses shift as shown. 
40-output extension driver are used to extend 
the number of display characters to 32 5-dot 
font-width characters. 

In this case, COM9 to COM16 begins at 
(0C)H, and COM25 to COM32 at (4QH. 
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Figure 7 2-Line by 32 Character Display (5-dot font width) 
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• 4-line display (NW = 1) 

— Case 1: The first line is displayed from COM1 When a display shift is performed, the DD 

to COM8, the second line is displayed from RAM addresses shift as shown. 

COM9 to COM16, the third line is displayed 
from COM17 to COM24, and the fourth line is 
displayed from COM25 to COM32. 
Note that the DD RAM addresses of each line 
are not consecutive. 

Figure 8 shows an example where a 12 x 4-line 
display is performed using one HD66712. 
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Figure 8 4-Line Display 
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— Case 2: Figure 9 shows the case where the When a display shift is performed, the DD 
EXT pin is fixed high and the HD66712 and RAM addresses shift as shown, 

the 40-output extension driver are used to 
extend the number of display characters. 
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Figure 9 4-Line by 20-Character Display 
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Character Generator ROM (CG ROM) 

The character generator ROM generates 5 x 8 dot 
character patterns from 8-bit character codes 
(table 3). It can generate 240 5 x 8 dot character 
patterns. User-defined character patterns are also 
available using a mask-programmed ROM (see 
"Modifying Character Patterns"). 



Character Generator RAM (CG RAM) 

The character generator RAM allows the user to 
redefine the character patterns. In the case of 5 x 
8 dot character, up to eight character patterns may 
be redefined. 

Write the character codes at the addresses shown 
as the left column of table 3 to show the character 
patterns stored in CG RAM. 

See table 4 for the relationship between CG RAM 
addresses and data and display patterns. 
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Segment RAM (SEGRAM) 

The segment RAM (SEGRAM) is used to enable 
control of segments such as an icon and a mark by 
the user program. 

For a 1-line display, SEGRAM is read from the 
COMO and the COM17 output, and for 2- or 4-line 
displays, it is read from the COMO and the 
COM33 output, to perform 60-segment display 
(80-segment display when using the extension 
driver). 

As shown in table 7, bits in SEGRAM 
corresponding to segments to be displayed are 
directly set by the MPU, regardless of the contents 
of DDRAM and CGR AM. 

SEGRAM data is stored in eight bits. The lower 
six bits control the display of each segment, and 
the upper two bits control segment blinking. 

Timing Generation Circuit 

The timing generation circuit generates timing 
signals for the operation of internal circuits such 
as DDRAM, CGROM, CGRAM, and SEGRAM. 
RAM read timing for display and internal 
operation timing by MPU access are generated 
separately to avoid interfering with each other. 
Therefore, when writing data to DD RAM, for 
example, there will be no undesirable 
interferences, such as flickering, in areas other 
than the display area. 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit consists of 
34 common signal drivers and 60 segment signal 
drivers. When the character font and number of 



lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal 
drivers continue to output non-selection 
waveforms. 

Character pattern data is sent serially through a 
60-bit shift register and latched when all needed 
data has arrived. The latched data then enables 
the driver to generate drive waveform outputs. 

Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 

Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66712 drives from the head display. 

Cursor/Blink Control Circuit 

The cursor/blink (or white-black inversion) 
control is used to produce a cursor or a flashing 
area on the display at a position corresponding to 
the location in stored in the address counter (AC). 

For example (figure 11), when the address counter 
is (08)H, a cursor is displayed at a position 
corresponding to DDRAM address (08)H. 

Scroll Control Circuit 

The scroll control circuit is used to perform a 
smooth-scroll in the unit of dot. When the 
number of characters to be displayed is greater 
than that possible at one time on the liquid crystal 
module, this horizontal smooth scroll can be used 
to display all characters. 



AC= (08)16 
1 2 3 4 5 



Display 

6 7 8 9 10 1 1^*1 — position 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 



address 



Cursor position 



Figure 10 Cursor/Blink Display Example 
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Table 3 Relationship between Character Codes and Character Patterns (ROM code: A00) 
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Table 4 Relationship between Character Codes and Character Pattern (ROM code: A01) 
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Table 5 Relationship between Character Codes and Character Patterns (ROM code: A02) 




Note: The character codes of the characters enclosed in the bold frame are the same as those of the first 
edition of the IS08859 and the character code compatible. 
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Table 6 Example of Relationships between Character Code (DDRAM) and Character Pattern 
(CGRAMdata) 



a) When character pattern is 5 x 8 dots 
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CGRAM address 


MSB 


CGRAMdata 




LSB 




D7 Db Ds D4 


D3 D2 D1 Do 


As A4 A3 


A2 Ai 


Ao 


07 Oe 05 04 03 02 Oi Oo 







* 














* * * 


n 




























1 






i ; 











1 














1 









1 











1 














1 


1 














^1 















1 















i 


















1 


1 






















\ 


f 






1 1 
1 1 




1 

























y 













* 1 1 1 


1 


1 1 








* * * 


~T 















\ 













1 






1 

























1 









1 

























1 


1 









1 


p 


1 















1 















1 


















1 


1 












1 










1 




1 


f 


1 1 
1 1 




1 














J 












/ 



b) When character pattern is 6 x 8 dots 



Character code (DDRAM data) 


CGRAM address 
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Notes: 1. Character code bits to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types). 

2. CGRAM address bits to 2 designate the character pattern line position (3 bits: 8 lines). The 
8th line is the cursor position and its display is formed by a logical OR with the cursor. 

3. The character data is stored with the rightmost character element in bit 0, as shown in the figure 
above. Characters with 5 dots in width (FW = 0) are stored in bits to 4, and characters with 6 
dots in width (FW = 1) are stored in bits to 5. 

4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected. 

Bit 3 of the character code is invalid (*). Therefore, for example, the character codes (00)H 
and (08)H correspond to the same CGRAM address. 

5. A set bit in the CGRAM data corresponds to display selection, and to non-selection. 

6. When the BE bit of the function set register is 1, pattern blinking control of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in CGRAM. 

When bit 7 is 1, of the lower six bits, only those which are set are blinked on the display. 
When bit 6 is 1, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern 
can be blinked as for a 6-dot font width. 

* Indicates no effect. 
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Table 7 Relationship between SEGRAM addresses and display patterns 



ofconAM 
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SEGRAM data 


a) 5-dot font width 


b) 6-dot font width 
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B1 BO S91 S92S93S94S95S96 



Blinking control Pattern on/off Blinking control Pattern on/off 



Notes: 1. Data set to SEGRAM is output when COMO and COM17 are selected, as for a 1-line display, 

and output when COMO and COM33 are selected, as for a 2-line or a 4-line display. COMO and 
COM17 for a 1-line display and COMO and COM33 for a 2-line or a 4-line display are the same 
signals. 

2. S 1 to S96 are pin numbers of the segment output driver. S 1 is positioned to the left of the 
display. When the LCD-II/F12 is used by one chip, segments from SI to S60 are displayed. 
An extension driver displays the segments after S6 1 . 

3. After S80 output at 5-dot font and S96 output at 6-dot font, S 1 output is repeated again. 

4. As for a 5-dot font width, lower five bits (D4 to DO) are display on.off information of each 
segment. For a 6-dot character width, the lower six bits (D5 to DO) are the display 
information for each segment. 

5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in SEGRAM. 

When bit 7 is 1 , only a bit set to "1" of the lower six bits is blinked on the display. 

When bit 6 is 1, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5 

pattern can be blinked as for 6-dot font width. 

6. Bit 5 (D5) is invalid for a 5-dot font width. 

7. Set bits in the SEGRAM data correspond to display selection, and zeros to non-selection. 
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ii) 6-dot font width (FW=1) 




\ / \ 

Displayed by LCD-II/F1 2 Displayed by extension driver 



Figure 11 Correspondence between SEGRAM and segment display 
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Modifying Character Patterns 

• Character pattern development procedure 

The following operations correspond to the 
numbers listed in figure 12: 

1. Determine the correspondence between 
character codes and character patterns. 

2. Create a listing indicating the correspondence 
between EPROM addresses and data. 

3. Program the character patterns into an 
EPROM. 



4. Send the EPROM to Hitachi. 

5. Computer processing of the EPROM is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 

6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI will proceed at Hitachi. 
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Hitachi User 



< Start ) 



No 



Computer 
processing 



Create character 
pattern listing 



Evaluate 
character 
patterns 



OK? 
fYes 



Art work 




Masking 




Determine 
character patterns 



Create EPROM 
address data listing 



Write EPROM 



EPROM -» Hitachi 



© 



® 







Trial 



Sample 




Figure 12 Character Pattern Development Procedure 
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Programming character patterns 
This section explains the correspondence 
between addresses and data used to 
program character patterns in EPROM. 



— Programming to EPROM 
The HD66712 character generator ROM can 
generate 240 5 x 8 dot character patterns. 
Table 8 shows correspondence between the 
EPROM address data and the character pattern. 



Table 8 Example of Correspondence between EPROM Address Data and Character Pattern 
(5x8 dots) 



EPROM Address 


MSB 


Data 




LSB 


An A10A9 As 


A7 A6 A5 A4 


A3 


A2 


A1 


Ao 


04 03 02 01 00 


10 1 


10 1 



























1 

















1 















$ 














1 







1 











1 














1 


1 










li 












1 














1 















1 





1 








1 










r 





1 


1 











5. 















1 


1 


1 


















\ A_A / 

Character code "0" Line position 



Notes: 1 . EPROM addresses An to A4 correspond to a character code. 

2. EPROM addresses A2 to Ao specify the line position of the character pattern. EPROM address 
A3 should be set to "0" 

3. EPROM data O4 to Oo correspond to character pattern data. 

4. Areas which are lit (indicated by shading) are stored as "1 and unlit areas as M M . 

5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line 
is used for a cursor, this data should all be set to zero. 

6. EPROM data bits O7 to O5 are invalid. "0" should be written in all bits. 



— Handling unused character patterns 

1. EPROM data outside the character pattern 
area: This is ignored by the character 
generator ROM for display operation so any 
data is acceptable. 

2. EPROM data in CG RAM area: Always fill 
with zeros. 

3. Treatment of unused user patterns in the 
HD66712 EPROM: According to the user 
application, these are handled in either of two 
ways: 



i. When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit, 
because the EPROM is filled with Is after 
it is erased. 

ii. When unused character patterns are 
programmed as Os: Nothing is displayed 
even if unused character codes are written 
into DD RAM. (This is equivalent to a 
space.) 
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Reset Function 

Initializing by Internal Reset Circuit 

An internal reset circuit automatically initializes 
the HD66712 when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 15 ms after Vcc rises to 
4.5 V or 40 ms after the Vcc rises to 2.7 V. 

1. Display clear: 
(20)Htoall DDRAM 

2. Set functions: 

DL = 1: 8-bit interface data 

N = 1: 2-line display 

RE = 0: Extension register write disable 

BE = 0: CGRAM/SEGRAM blink off 

LP = 0: Not in low power mode 

3. Control display on/off: 
D = 0: Display off 

C = 0: Cursor off 
B = 0: Blinking off 

4. Eet entry mode: 

I/D = 1: Increment by 1 
S = 0: No shift 

5. Set extension function 

FW = 0: 5-dot character width 

B/W = 0: Normal cursor (eighth line) 

NW a 0: 1- or 2-line display (depending on N) 

6. Enable scroll 

HSE = 0000: Scroll unable 

7. Set scroll amount 

HDS = 000000: Not scroll 



Initializing by Hardware Reset Input 

The LCD-II/F12 also has a reset input pin: 
RESET*. If this pin is made low during 
operation, an internal reset and initialization is 
performed. This pin is ignored, however, during 
the internal reset period at power-on. 

Interfacing to the MPU 

The HD66712 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 

• For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DBo to DB3 are disabled. The data transfer 
between the HD66712 and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transferred before 
the four low order bits (for 8-bit operation, 
DBo to DB3). 

The busy flag must be checked (one 
instruction) after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 

• For 8-bit interface data, all eight bus lines 
(DBo to DB7) are used. 

• When the IM pin is low, the HD66712 uses a 
serial interface. See "Transferring Serial 
Data". 



Note: If the electrical characteristics conditions 
listed under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
theHD66712. 
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DB 7 
DB 6 
DB 5 
DB. 



IR7 X IR3 



IRe X IR2 
IRs X »Ri 
»Rt X IRo 



Instruction register (IR) 
write 



Busy flag (BF) and 
address counter (AC) 
read 



Data register (DR) 
read 



Figure 13 4-Bit Transfer Example 



442 



HITACHI 



HD66712 



Transferring Serial Data 

When the IM pin (interface mode) is low, the 
HD66712 enters serial interface mode. A three- 
line clock-synchronous transfer method is used. 
The HD66712 receives serial input data (SID) and 
transmits serial output data (SOD) by 
synchronizing with a transfer clock (SCLK) sent 
from the master side. 

When the HD66712 interfaces with several chips, 
chip select pin (CS*) must be used. The transfer 
clock (SCLK) input is activated by making chip 
select (CS*) low. In addition, the transfer counter 
of the LCD-II/F12 can be reset and serial transfer 
synchronized by making chip select (CS*) high. 
Here, since the data which was being sent at reset 
is cleared, restart the transfer from the first bit of 
this data. In the case of a minimum 1 to I transfer 
system with the LCD-II/F12 used as a receiver 
only, an interface can be established by the 
transfer clock (SCLK) and serial input data (SID). 
In this case, chip select (CS*) should be fixed to 
low. 

The transfer clock (SCLK) is independent from 
operational clock (OLK) of the LCD-II/F12. 
However, when several instructions are 
continuously transferred, the instruction execution 
time determined by the operational clock (CLK) 
(see continuous transfer) must be considered since 
the LCD-II/F12 does not have an internal 
transmit/receive buffer. 



To begin with, transfer the start byte. By receiving 
five consecutive bits (synchronizing bit string) at 
the beginning of the start byte, the transfer counter 
of the LCD-II/F12 is reset and serial transfer is 
synchronized. The 2 bits following the 
synchronizinj[bit string (5 bits) specify transfer 
direction (R/W bit) and register select (RS bit). Be 
sure to transfer in the 8th bit. 
After receiving the start byte, instructions are 
received and the data/busy flag is transmitted. 
When the transfer direction and register select 
remain the same, data can be continuously 
transmitted or received. 

The transfer protocol is described in detail below. 
— Receiving (write) 

After receiving the start synchronization bits, the 
R/W bit (= 0), and the RS bit with the start byte, 
an 8-bit instruction is received in 2 bytes: the 
lower 4 bits of the instruction are placed in the 
LSB of the first byte, and the higher 4 bits of the 
instruction are placed in the LSB of the second 
byte. Be sure to transfer in the following 4 bits 
of each byte. When instructions are continuously 
received with R/W bit and RS bit unchanged, 
continuous transfer is possible (see "Continuous 
Transfer" below). 



a) Basic transfer serial data input (receive) 
(Input) u 



1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 



SCLK 
(Input) 
SID 
(Input) 



\iW my " r " 1 * " r " 1 " Vv^r^ ^•fp^ rDiirp^ fp^ t)- "o* -o" -0* 



h Synchronizing «J L«__ Lower _jj 

bit string 1 data I 

N ^ 



-2nd byte- 



Starting byte 
b) Basic transfer of serial data output (transmit) 
CS* "~\ 

(Input) 1 



Instruction 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

5£ HJlIirLnJUUlJTJ^^ 



r "1" 'i' "i" ■rR/v ^Rsfo" -0" "0* "0" "0" -o" -o* -o* -p' 




Starting byte 



Busy flag/data read 



Figure 14 Basic Procedure for Transferring Serial Data 
HITACHI 
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— Transmitting (read) 



execute it. 



After receiving the start synchronization bits, the 
R/W bit (= 1), and the RS bit with the start byte, 8- 
bit read data is transmitted in the same way as 
receiving. When read data is continuously 
transmitted with R/W bit and RS bit unchanged, 
continuous transfer is possible (see "Continuous 
Transfer" below). 

Even at the time of the transmission (the data 
output), since the HD66712 monitors the start 
synchronization bit string ("11111") by the SID 
input, the HD66712 receives the R/W bit and RS 
bit after detecting the start synchronization. 
Therefore, in the case of a continuous transfer, fix 
the SID input "0". 

— Continuous transfer 

Whenjnstructions are continuously received with 
the R/W bit and RS bit unchanged, continuous 
receive is possible without inserting a start byte 
between instructions. 

After receiving the last bit (the 8th bit in the 2nd 
byte) of an instruction, the system begins to 



To execute the next instruction, the instruction 
execution time of the LCD-II/F12 must be 
considered. If the last bit (the 8th bit in the 2nd 
byte) of the next instruction is received during 
execution of the previous instruction, the 
instruction will be ignored. 
In addition, if the next unit of data is read before 
read execution of previous data is completed for 
busy flag/address counter/RAM data, normal data 
is not sent. To transfer data normally, the busy 
flag must be checked. However, it is possible to 
transfer without reading the busy flag if wiring for 
transmission (SOD pin) needs to be reduced or if 
the burden of polling on the CPU needs to be 
removed. In this case, insert a transfer wait so that 
the current instruction first completes execution 
during instruction transfer. 



i) Continuous data write by boring processing 



SCLK - 
(Inputs 
SID 
(Input) 



Start 
bvte 


Instruction (1) 


1st byte | 2nd byte 





SOD 

(Output^ 



ii) Continuous data write by CPU wait insert 



Start 
byte 




Start 
byte 


Instruction (2) 


1st byte | 2nd byte 



Instruction (1) 
Execution 
time sJ. 



Busy 
read 



Instruction waiting time (Not Busy state) 



SCLK - 
(Input). 
SID 

(Input). 



Wait 



Wait 



lumiiMiiiim 



Start 


Instruction (1) 


. tola 


1st bvte 1 2nd bvte 



Instruction (2) 




instruction (3) 


1st bvte 1 2nd bvte 




1st byte | 2nd bvte 



Instruction (1) 
Execution time 



Instruction (2) 
Execution time 



Instruction (3) 
Execution time 



iii) Continuous data read by CPU wait insert 



SID 



Wait 



irmiur-* 



(Input).,. 

SOD 
(Output) 



Start 
byte 



Data 
readm 



read (2) 



read (3) 



Instruction (1) 
Fxficutinn timft 



Instruction (2) 
Execution time 



Figure 15 Procedure for Continuous Data Transfer 
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Instructions 
Outline 

Only the instruction register (IR) and the data 
register (DR) of the HD66712 can be controlled by 
the MPU. Before starting internal operation of the 
HD66712, control information is temporarily 
stored in these registers to allow interfacing with 
various MPUs, which operate at different speeds, 
or various peripheral control devices. The internal 
operation of the HD66712 is determined by 
signals sent from the MPU. These signals, which 
include register selection (RS), read/write (R/W), 
and the data bus (DBo to DB7), make up the 
HD66712 instructions (table 11). There are four 
categories of instructions that: 

• Designate HD667 12 functions, such as display 
format, data length, etc. 

• Set internal RAM addresses 

• Perform data transfer with internal RAM 

• Perform miscellaneous functions 

Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 



auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66712 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 16) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 

When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 

Because the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is before sending another instruction from 
the MPU. 

Note: Be sure the HD66712 is not in the busy 
state (BF = 1) before sending an instruction 
from the MPU to the HD66712. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 11 for the list of each instruc- 
tion execution time. 
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Instruction Description 
Clear Display 

Clear display writes space code (20)H (character 
pattern for character code (20)H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. 

Return Home 

Return home sets DD RAM address into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 

The cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). 
In addition, flicker may occur in a moment at the 
time of this instruction issue. 

Entry Mode Set 

I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 

The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing 
and reading of CG RAM and SEG RAM. 

S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1 during 
DD RAM write. The display does not shift if S is 
0. 

If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM and SEG RAM 
does not shift the display. In a low power mode 
(LP = 1), do not set S = 1 because the whole 
display does not normally shift. 
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Display On/Off Control 

When extension register enable bit (RE) is 0, bits 
D, C, and B are accessed. 

D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
Dtol. 

C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font. 

B: The character indicated by the cursor blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 370-ms intervals when fq> 
or fosc is 270 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency changes according to fosc or the 
reciprocal of f C p. For example, when f cp is 
300 kHz, 370 x 270/300 = 333 ms.) 

Extended Function Set 

When the extended register enable bit (RE) is 1, 
FW, B/W, and NW bit shown below are accessed. 
Once these registers are accessed, the set values 
are held even if the RE bit is set to zero. 

FW: When FW is 1, each displayed character is 
controlled with a 6-dot width. The user font in CG 
RAM is displayed with a 6-bit character width 
from bits 5 to 0. As for fonts stored in CG ROM, 
no display area is assigned to the leftmost bit, and 
the font is displayed with a 5-bit character width. 
If the FW bit is changed, data in DD RAM and CG 
RAM SEG RAM is destroyed. Therefore, set FW 
before data is written to RAM. When font width 
is set to 6 dots, the frame frequency decreases to 
5/6 compared to 5 -dot time. See "Oscillator 
Circuit" for details. 

B/W: When B/W is 1, the character at the cursor 
position is cyclically displayed with black-white 
invertion. At this time, bits C and B in display 
on/off control register are "Don't care". When fcp 
or fosc is 270 kHz, display is changed by 
switching every 370 ms. 



HD66712 



NW: When NW is 1, 4-line display is performed. 
At this time, bit N in the function set register is 
"Don't care". 





o 

Alternating 
display 



■ 



i) Cursor display example 



ii) Blink display example 




o 

Alternating 
display 




iii) White-black inverting 
display example 

a) Cursor Blink Width Control 





i) 5-dot character width ii) 6-dot character width 
b) Font Width Control 



Figure 16 Example of Display Control 
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Cursor or Display Shift 

Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 9). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. In a 4-line 
display, the cursor moves to the second line when 
it passes the 20th character of the line. Note that, 
all line displays will shift at the same time. 
When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 
When this instruction is executed, extended 
register enable bit (RE) is reset. 
The address counter (AC) contents will not change 
if the only action performed is a display shift. 
In low power mode (LP = 1), whole-display shift 
cannot be normally performed. 

Scroll Enable 

When extended register enable bit (RE) is 1, 
scroll enable bits can be set. 

Function Set 

Only when the extended register enable bit (RE) is 
1, the BE and the LP bits shown below can be 
accessed. Bits DL and N can be accessed 
regardless of RE. 



DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DBo) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when 
DL is 0. When 4-bit length is selected, data must 
be sent or received twice. 

N: When bit NW in the extended function set is 0, 
a 1- or a 2-line display is set. When N is 0, 1-line 
display is selected; when N is 1, 2-line display is 
selected. When NW is 1, a 4-line display is set. 
At this time, N is "Don't care". 

RE: When bit RE is 1, bit BE in the extended 
function set register, the SEGRAM address set 
register, and the function set register can be 
accessed. When bit RE is 0, the registers 
described above cannot be accessed, and the data 
in these registers is held. 

To maintain compatibility with the HD44780, the 
RE bit should be fixed to 0. 

BE: When the RE bit is 1, this bit can be 
rewritten. When this bit is 1, the user font in 
CGRAM and the segment in SEGRAM can be 
blinked according to the upper two bits of 
CGRAM and SEGRAM. 



Table 9 Shift Function 



s/c 


R/L 










Shifts the cursor position to the left. (AC is decremented by one.) 





1 


Shifts the cursor position to the right. (AC is incremented by one.) 


1 





Shifts the entire display to the left. The cursor follows the display shift. 


1 


1 


Shifts the entire display to the right. The cursor follows the display shift. 
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LPi When bit RE is 1, this bit can be rewritten. 
When LP is set to 1 and the EXT pin is low 
(without an extended driver), the HD66712 
operates in low power mode. In 1-line display 
mode, the HD66712 operates on a 4-division 
clock, and in a 2-line or a 4-line display mode, the 
HD66712 operates on a 2-division clock. 
According to these operations, instruction 
execution takes four times or twice as long. Note 
that in low power mode, display shift cannot be 
performed. The frame frequency is reduced to 5/6 
that of normal operation. See "Oscillator Circuit" 
for details. 

Note: Perform the DL, N, NW, and FW fucntions 
at the head of the program before executing any 
instructions (except for the read busy flag and 
address instruction). From this point, if bits N, 
NW, or FW are changed after other instructions 
are executed, RAM contents may be broken. 

Set CG RAM Address 

A CG RAM address can be set while the RE bit is 
cleared to 0. 

Set CG RAM address into the address counter 
displayed by binary AAAAAA. After this address 
set, data is written to or read from the MPU for 
CGRAM. 

Set SEGRAM Address 

Only when the extended register enable (RE) bit is 
1, HS2 to HSO and the SEGRAM address can be 
set. 

The SEGRAM address in the binary form AAAA 
is set to the address counter. After this address set, 
SEGRAM can be written to or read from by the 
MPU. 



Set DD RAM Address 

A DD RAM address can be set while the RE bit is 
cleared to 0. Set DD RAM address sets the DD 
RAM address binary AAAAAAA into the address 
counter. 

After this address set, data is written to or read 
from the MPU for DD RAM. 

However, when N and NW is (1-line display), 
AAAAAAA can be (00)H to (4F)H. When N is 1 
and NW is (2-line display), AAAAAAA is (00) 
H to (27)H for the first line, and (40)H to (67)H 
for the second line. When NW is 1 (4-line 
display), AAAAAAA is (00)H to (13)H for the 
first line, (20)H to (33)H for the second line, (40)H 
to (53)H for the third line, and (60)H to (73)H for 
the fourth line. 



Set Scroll Quantity 

When extended registor enable bit (RE) is 1, 
HDS5 to HDSO can be set. 

HDS5 to HDSO specifies horizontal scroll quantity 
to the left of the display in dot units. The 
HD66712 uses the unused DDR AM area to 
execute a desired horizontal smooth scroll from 1 
to 48 dots. 

Note: When performing a horizontal scroll as 
described above by connecting an extended driver, 
the maximum number of characters per line 
decreases by the quantity set by the above 
horizontal scroll. For example, when the 
maximum 24-dot scroll quantity (4 characters) is 
used with 6-dot font width and 4-line display, the 
maximum numbers of characters is 20 - 4 = 16. 
Notice that in low power mode (LP =1), display 
shift and scroll cannot be performed. 



HITACHI 



449 



HD66712 



R£ad Busy Flag and Address 

Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by both CG, DD, and 
SEG RAM addresses, and its value is determined 
by the previous instruction. The address contents 
are the same as for CG RAM, DD RAM, and SEG 
RAM address set instructions. 

Write Data to CG, DD, or SEG RAM 

This instruction writes 8-bit binary data 
DDDDDDDD to CG, DD or SEG RAM. CG, DD 
or SEG RAM is selected by the previous 
specification of the address set instruction (CG 
RAM address set / DD RAM address set / SEG 
RAM address set). After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift direction. 

Read Data from CG, DD, or SEG RAM 

This instruction reads 8-bit binary data 
DDDDDDDD from CG,DD, or SEG RAM. CG, 
DD or SEG RAM is selected by the previous 
specification of the address set instruction. If no 
address is specified, the first data read will be 
invalid. When executing serial read instructions, 

Table 10 HS5 to HSO Settings 



the next address is normally read from the next 
address. An address set instruction need not be 
executed just before this read instruction when 
shifting the cursor by a cursor shift instruction 
(when reading from DD RAM). A cursor shift 
instruction is the same as a set DD RAM address 
instruction. 

After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
a display shift is not executed regardless of the 
entry mode. 

Note: The address counter (AC) is automatically 
incremented or decremented after write 
instructions to CG, DD or SEG RAM. The 
RAM data selected by the AC cannot be 
read out at this time even if read 
instructions are executed. Therefore, to 
read data correctly, execute either an 
address set instruction or a cursor shift 
instruction (only with DD RAM), or 
alternatively, execute a preliminary read 
instruction to ensure the address is correcdy 
set up before accessing the data. 



HDSS HPS4 HPS3 HDS2 HPS1 HDSO Description 


















No shift 














1 


Shift the display position to the 
left by one dot. 











1 





Shift the display position to the 
left by two dots. 











1 


1 


Shift the display position to the 
left by three dots. 



10 111 1 Shift the display position to the 

left bv fortv-seven dots. 

1 1 • * • ♦ Shift the display position to the 

left by forty-eight dots. 



450 



HITACHI 



HD66712 



Table 11 Instructions 

Execution Time 





RE 










Code 






(max) (when fcp or 


Instruction 


bit 


RS 


R/W 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


Description fosc is 270 kHz) 


Clear 
display 


0/1 























1 


Clears entire display and 
sets DD RAM address 
in address counter. 


1 .52 ms 


Return 


0/1 




















1 


— 


Sets DD RAM address 
IN address counter. Also 
returns display from 
being shifted to original 
position. DDRAM cont- 
ents remain unchanged. 


1.52 ms 


Entry 
mode set 


0/1 




















1 1/D 


S 


Sets cursor move 
direction and specifies 
display shift. These 
operations areperformed 
during data write and read. 


37 jis 


Display 

on/off 

control 























1 D C 


B 


Sets entire display (D) 
on/off, cursor on/off (C), 
and blinking of cursor 
position character (B). 


37u,s 


Extension 

function 

set 


1 




















1 FW B/W NW 


Sets a font width, a black- 
white inverting cursor 
(B/W), and a 4-line 
display (NW). 


37 u,s 


Cursor or 

display 

shift 




















1 


S/C R/L — 




Moves cursor and shifts 
display without changing 
DD RAM contents. 


37u,s 


Scroll enable 


1 

















1 


HSE HSE HSE HSE 


Specifies which display 
lines to undergo horizont- 
al smooth scroll. 


37 u.s 


Function 
set 

















1 


DL 


N RE — 




Sets interface data length 
(DL), number of display 
lines (L), and extension 
register write enable (RE)). 


37\xs 




1 














1 


DL 


N RE BE 


LP 


Sets CGRAM/SEGRAM 
blinking enable (BE), and 
power-down mode (LP). 
LP is available when the 
EXT pin is low. 


37u,s 


Set 

CGRAM 
address 














1 


Acq 


Acq 


Acg Acg Acg Acg 


Sets CG RAM address. 
CG RAM data is sent and 
received after this setting. 


37 jis 


Set 

SEGRAM 
address set 


1 











1 


* 


* 


AsegAsegAseg Aseg Sets SEGRAM address. 

DDRAM data is sent and 
received after this setting. 
Also sets a horizontal dot 
scroll quantity (HDS). 


37 (xs 


Set DDRAM 
address 











1 


Add 


Add 


Add 


Add Add Add 


Add 


Sets DD RAM address. 
DD RAM data is sent and 
received after this setting. 


37u.s 


Set scroll 
quantity 


1 








1 


• 


HDS 


HDSHDSHDS HDS HDS 


Sets horizontal dot scroll 
quantity. 


37 fis 
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Table 11 Instructions (cont) 

Execution Time 





RE 




Code 


(max) (when Up or 


Instruction 


bit 


RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fosc is 270 kHz) 


Read busy 


0/1 





1 BF AC AC AC AC AC AC AC 


Reads busy flag (BF) 


flag& 








indicating internal operat- 


address 








ion is being performed 0u.s 










and reads address 










counter contents. 


Write data 


0/1 


1 


. 

Write data 


Writes data into DD RAM, 37 jxs 


to RAM 








CG RAM, or SfcGRAM. tADD ■ 5.5 U,S* 


Read data 


0/1 


1 


1 Read data 


Reads data from DD RAM, 37 \xs 


from RAM 








CG RAM, or SEGRAM. tADD = 5.5 fis* 




l/D 


= 1: 


increment 


r\r\ DAM* nier\law rloto DAK/I 

uu nMivi. uispiay oaia riMivi 




l/D 


= 0: 


L/ecrern en i 


Add. DD RAM address (corresponds to 




S 


= 1: 


Mccompcinies uispiay snui 


cursor aooressj 




D 


= 1: 


L/ispiciy on 


nrMvi. onaracier generator rVHivi 




C 


= 1: 


VsUloUT Oil 


A^o • C\rX DAM ariHroee* 




B 


= 1: 


Rlink r\rt 
DllllrS Wll 


<5F(^RAM' ^onmont RAM 




FW 


= 1: 


fi_rint font u/iHth 


Accrv f^onmont RAM ariHroee 




B/W 


= 1: 


Rlack-whita invprtinn r:iir<;nr on 

UlUvli If III V w II IVwl ill ly vUlavl wll 


H&F* Snp<tifift<5 hnriynntal scroll linpc 

nut.. w|JCV/ll IUO 1 IVJt t£-\JI lidl Owl Wll III IC70 




NW 


= 1: 


Four lines 


HDS: Horizontal dot scroll quantity 




NW 


= 0: 


One or two lines 


AC: Address counter used for both DD, CG, 




S/C 


= 1: 


Display shift 


and SEG RAM addresses. 




S/C 


= 0: 


Cursor move 






R/L 


= 1: 


Shift to the right 






R/L 


= 0: 


Shift to the left 






DL 


= 1: 


8 bits, DL » 0: 4 bits 






N 


= 1: 


2 lines, N = 0: 1 line 






RE 


= 1: 


Extension register access enable 






BE 


= 1: 


CGRAM/SEGRAM blinking enable 






LP 


= 1: 


Low-power mode 






BF 


= 1: 


Internally operating 






BF 


= 0: 


Instructions acceptable 





Note: 1. — indicates no effect. 



♦After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1 . The RAM address counter is updated after the busy flag turns off. 
In figure 18, tADD is the time elapsed after the busy flag turns off until the address counter is updated. 

2. Extension time changes as frequency changes. For example, when f is 300 kHz, the execution time is: 
37 us x 270/300 = 33 us. 

3. Execution time in a low-power mode (LP - 1 & EXT - low) becomes four times for a Mine mode, and 
twice for a 2- or 4-line mode. 
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Busy state 
(DBj pin) 



Busy state 



Address counter 
(DB to DB 6 pins) 



X 



*add 



t add depends on the operation frequency, 
t add - 1 -5/(f C p or f osc ) seconds 



A+1 



Figure 18 Address Counter Update 
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Interfacing the HD66712 

— Interface with 8-Bit MPUs 

The HD66712 can interface directly with an 8-bit 
MPU using the E clock, or with an 8-bit MCU 
through an I/O port. 



When the number of I/O ports in the MCU, or the 
interfacing bus width, if limited, a 4-bit interface 
function is used. 



RS 
R/W 
E 

interna! 
signal 



/ 



\ 



Internal operation 



- TmrzrAiiiii ^iiiiiii^ iiiih^mh c^iUTi 



Instruction 
write 



Busy flag check 



Busy flag check 



Busy flag check 



Instruction 
write 



Figure 19 Example of 8-Bit Data Transfer Timing Sequence 
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i) Bus line interface 



HD6800 



VMA 
02 
A15 

AO 
RAV 
DO-D7 




LCD-II/F12 



RS 
R/W 

DBO-DB7 



ii) I/O port interface 



CO 

H8/325 g 

A0-A7 


► 


E 

RS 

ROT LCD-II/F12 

DB0-DB7 






8 

M / ► 





Figure 20 8-Bit MPU Interface 
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— Interface with 4-Bit MPUs 

The HD667 12 can interface with a 4-bit MCU The DL bit in function-set selects 4-bit or 8-bit 

through an I/O port. 4-bit data representing high interface data length, 
and low order bits must be transferred sequentially. 



RS 
R/W 



Internal 
signal 

DB7 



/ \ 

| ' nterna ' operation \ / 

Busy flag check 



Instruction 
write 



Busy flag check 1^°° 



Figure 21 Example of 4-Bit Data Transfer Timing Sequence 



HMCS4019R 




LCD-II/F12 

RS 

RAA7 

E 


D15 
D14 
D13 










R10-R13 


4 

/ ► 


DB4-DB7 







Figure 22 4-bit MPU Interface 
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Oscillator Circuit 



Clock 



OSC1 



LCD-II/F12 



1 ) When an external clock is used 2) When an internal oscillator is used The oscillator frequency can be 

adjusted by oscillator resistance 
(Rf). If Rf is increased or power 
supply voltage is decreased, the 
oscillator frequency decreases. 
The recommended oscillator 
resistor is as follows. 



OSC1 
OSC2 

LCD-II/F12 



•Rf = 91 kn ± 2% (Vcc = 5 V) 
•Rf = 75 kQ±2%(Vcc = 3V) 



Figure 23 Oscillator Circuit 



(1)1 t\7 duty cycle 

1 -line selection period 



n 



Vcc. 
V1 - 



V4_- 
V5 — L 



2 3 4 16 17 1 2 3 

r 



^ 1 frame- 



1 frame- 





Normal Display Mode (LP = 0) 


Low Power f 


Mode (LP = 1) 


Item 


5-Dot Font Width 6-Dot Font Width 


5-Dot Font Width 


6-Dot Font Width 


Line selection period 


200 clocks 240 clocks 


60 clocks 


72 clocks 


Frame frequency 


79.4 Hz 66.2 Hz 


66.2 Hz 


55.1 Hz 



Note: At the calculation example above for displayed frame frequency, all oscillator frequencies are 270 kHz 
(1 clock -3.7 us). 



(2) 1 /33 duty cycle 

1-line selection period 



VCC- 
V1 - 



COM1 



V4- 

V5 - 



n 



12 3 4 



32 33 1 2 3 



>|< 1 frame- 



Normal Display Mode (LP = 0) 



Low Power Mode (LPs 1) 



5-Dot Font Width 6-Dot Font Width 5-Dot Font Width 6-Dot Font Width 



Line selection period 


100 clocks 


120 clocks 


60 clocks 


72 clocks 


Frame frequency 


81.8 Hz 


68.2 Hz 


68.2 Hz 


56.8 Hz 



Note: At the calculation example above for displayed frame frequency, all oscillator frequencies are 270 kHz 
(1 dock -3.7 us). 

Figure 24 Frame Frequency 
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Power Supply for Liquid Crystal 
Display Drive 

1) When an external power supply is used 



Vcc- 





Vcc 




V1 




V2 




V3 




V4 




V5 



VEE 

2) When an internal booster is used 
(Boosting twice) 



(Boosting three times) 



Vcc 




Vci 


Vcc 
V1 


GND 


V2 


C1 
C2 


V3 


V50UT2 


V4 


V50UT3 


V5 





Vci 


Vcc 
V1 


GND 


V2 


C1 
C2 


V3 


V50UT2 


V4 


V5QUT3 


V5 




1^4= 



Notes 1 . Boosted output voltage should not exceed the maximum value (13 V) of the liquid crystal 

power supply voltage. Especially, a voltage of over 4.3 V should not be input to the reference 
voltage (Vci) when boosting three times. 
2. A voltage of over 5.5 V should not be input to the reference voltage (Vci) when boosting twice. 

Figure 25 Example of Power Supply for Liquid Crystal Display Drive 

Table 12 Duty Factor and Power Supply for Liquid Crystal Display Drive 
Item Data 



Number of Lines 




1 


2/4 


Duty factor 




1/17 


1/33 


Bias 




1/5 


1/6.7 


Divided resistance 


R 


R 


R 




RO 


R 


2.7R 



Note: R changes depending on the size of liquid crystal penel. Normally, R must be 2 kn to 10 k&. 
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Extension Driver LSI Interface 

By bringing the EXT pin high, extended driver 
interface signals (CL1, CL2, D, and M) are output. 



a) 1 -chip operation 
(EXT « Low, 5-dot font width) 



b) When using the extension driver 
(EXT = High, 5-dot font width) 



Vcc 



EXT 



LCD-II/F12 

SEG1- 
SEG60 



GND 




EXT 

LCD-II/F12 



5 3 SEG1- 
° OQ 2 SEG60 



SEG1-SEG60 



COM0- 
COM33 



32 x 2-line display 



A A 



M 
D 

CL2 
CL1 

Extension driver 



Seg1- 
Seg40 



Figure 26 HD66712 and the Extension Driver Connection 
Table 13 Relationships between the Number of Display Lines and 40-Output Extension Driver 









Controller 










LCD-II/F12 




LCD-II/F8 




HD44780 


HD66702 


Display Lines 


5-Dot Width 


6-Dot Width 


5-Dot Width 


6-Dot Width 


5-Dot Width 5-Dot Width 


16x2 lines 


Not required 


Not required 


Not required 


1 


1 


Not required 


20 x 2 lines 


Not required 


Not required 


1 


1 


2 


Not required 


24 x 2 lines 


Not required 


1 


1 


2 


2 


1 


40 x 2 lines 


Disabled 


Disabled 


Disabled 


Disabled 


4 


3 


12x4 lines 


Not required 


1 


1 


1 


Disabled 


Disabled 


16x4 lines 


1 


1 


1 


2 


Disabled 


Disabled 


20 x 4 lines 


1 


2 


2 


3 


Disabled 


Disabled 



Note: The number of display lines can be extended to 32 x 2 lines or 20 x 4 lines in the LCD-II/F12. 
The number of display lines can be extended to 30 x 2 lines or 20 x 4 lines in the LCD-II/F8. 
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Table 14 Display Start Address in Each Mode 












Number of Lines 








1-Line Mode 


2-Line Mode 


4-Line Mode 


Output 


5 dot 


6 dot 


5 dot 


6 dot 


5 dot/6 dot 


COM1-COM8 


D00±1 


D00±1 


D00±1 


D00±1 


D00±1 


COM9-COM16 


D0C±1 


D0A±1 


D0C±1 


D0A±1 


D20±1 


COM17-COM24 






D40±1 


D40±1 


U4U±1 


COM25-COM32 






D4C±1 


D4A±1 


D60±1 


COM0/COM17 


SOO 


SOO 








COM0/COM33 






SOO 


SOO 


SOO 



Notes: 1. The number of display lines is determined by setting the N/NW bit. The font width is 
determined by the FW bit. 

2. D** is the start address of display data RAM (DDRAM). 

3. S" is the start address of segment RAM (SEGRAM). 

4. ±1 following D** indicates increment or decrement at display shift. 
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a) 5-dot font width: 32 x 2-line display 



COM1-COM8 - oo 



12 3 4 

■ 00 Oljo2 03 


5 6 7 8 9 101112 13 

04 09 06 0^m|jM OA OB OC 


1415 


161718 

OF 10 11 


19202 

12 13 | 14 


2223 24 25 262728 29 


3031 32 




41 J 42 43 44 4s| 46 47 4<| 49 4A 48 | 4C 


4t^4E 4t SO 51 


52 5s| 54 


Ss|m| 57|«| 58^59 J 5a| ee| 5C 6c| SeJsF 



COM9-COM16 
-COM25-COM32 



LCD-II/F12 
SEG1-SEG60 



LCD-II/F12 
SEG1-SEG60 



Extension 
driver 

Seg1-Seg40 



b) 6-dot font width: 24 x 2-line display 

12 3 4 5 6 7 8 9 10 111213 14151617 1819 20 21222324 



COM1-COM8 - 
COM17-COM24 -|*^ 



BBEEEEEEEE 



e | oc| qc|oe| of| loj n| izf^^s]^?] ^ (X)M9-COM16 



LCD-II/F12 
SEG1-SEG60 



3^ ** * 4C ~^*^^ ~tf"\^^^ COM25-COM32 



LCD-II/F12 
SEG1-SEG60 



Extension 
driver 

Seg1-Seg24 



c) 5-dot font width: 20 x 4-line display 

12 345678 9 1011 12 1314151617181920 

COM1-COM8" ' 



COM17-COM24- 



COM25-COM32 — ao 



SQEE E EEBBE E QESE ( 


»|o^of|io| 


•irl 


■ 20 21 2sJ 23| 24 25I26 27 2*1 Ssl* 28 -| 2C |' 


SO 2E 2F 60 


6i| 621 63J 


lOECCCCDCCCaBSCS 


SEBQ 


SEE 


■ 60 61 esj 63| 64| 65 66 67 68| 69|flA 68 ■ 6C|f 


6^ 6F 70 





LCD-II/F12 

SEG1-SEG60 



Extension 
driver 

Seg1-Seg40 



d) 6-dot font width: 20 x 4-line display 

1 2 34 5 6789 10 11 1 213141516 17 1819 20 
COM1-COM8 » 4*oo| oi| oa| oo| <m)<»| oelorj oa[ Q9|^[«| oc| oc| of[To]ii | i 2 [TI| 

COM9-COM16- 4H ™\ «| «| *|»| »\ v\ 2«| ac | *\ *\ 

COM17-COM24- f^| 41 | *\ 43 1 HH 4fl l 47 1 H 4> hFR 4C 1 4 1 H 4F R~»f*R 
COM25^QM32 ^^ffl "I j"! «M H w hFR "1 *H » R "FR 



LCD-II/F12 
SEG1-SEG60 



Extension Extension 
driver (1) driver (2) 

Seg1-Seg40 Seg1-Seg20 



Figure 27 Correspondence between the Display Position at Extension Display and the DDRAM 
Address 
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Interface to Liquid Crystal Display the number of display lines, EXT pin, and register 

value is given below. 

Set the extended driver control signal output, the 
number of display lines, and the font width with 
the EXT pin, an extended register NW, and the 

FW bit, respectively. The relationship between the ______ _____„ 



Table 15 Relationship between Display Lines, EXT Pin, and Register Setting 
5 Dot Font 6 Dot Font 



No of No. of EXT Extended Register Setting EXT Extended Reglstor Setting 

Lines Character Pin Driver N RE NW FW Pin Driver N RE NW FW Duty 



1 


20 


L 
















L 




1 


1 


1/17 




24 


L 
















H 


1 


1 


1 


1/17 




40 


H 


2 














H 


3 


1 


1 


1/17 


2 


20 


L 




1 











L 




1 1 


1 


1/33 




24 


L 




1 











H 


1 


1 1 


1 


1/33 




32 


H 


1 


1 











H 


2 


1 1 


1 


1/33 


4 


12 


L 




* 


1 


1 





H 


1 


* 1 


1 1 


1/33 




16 


H 


1 


* 


1 


1 





H 


1 




1 1 


1/33 




20 


H 


1 


* 


1 


1 





H 


2 


* 1 


1 1 


1/33 



Note: — means not required. 
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• Example of 5-dot font width connection 



LCD-II/F12 



EXT 



C0M17 
(COMO) 



12 13" 



24 



Note: COMO and 
COM 17 output the 
same signals. 
Apply them 
according to the 
wiring pattern. 



Figure 28 24 x 1-Line + 60-Segment Display (5-dot font, 1/17 Duty) 





LCD-II/F12 

COM1 

m 








1 




Yt 


> 








- 24 






Note: COMO and 






























COM33 output the 


COM4 


































same signals. 




































nyytiy mem 


m 






































according to the 


COM3 
COM17 






































wiring pattern. 


nm 












































MR 
























































































COM23 
C0M24 




















































-J 








C -i-. = at 




































#Hf 

SE61 
SEG2 

m 

SEOS 


















































SEG6 
SEG60 








COM* 






COM 10 
88m 12 




ioMIS 






COM16 








COM25 
COM26 












m 




am 











Figure 29 24 x 1-Line + 60-Segment Display (5-dot font, 1/33 Duty) 
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COM33 
(COMO) 

ra 




Note: COMO and COM33 
output the same signals. 
Apply them according to the 
wiring pattern. 



Figure 30 12 x 4-Line + 60 Segment Display (5-Dot Font, 1/33 Duty) 



LCOII/F12 



SSfto 

C0M11 
COM12 
COM13 
COM14 



0OM21 

mi 

COM24 



OOM33 
(COMO) 

SEQ1 

ra 

SEQ4 
SEG5 
SEOSO 
SbU57 

sEOse 

EXT SEOse 



driver 



SEG3< 
Sb03: 
SEG3J 
SE03I 
SfcU4< 



- 12 13 



20 



x -r = g 



Note: COMO and COM33 
output the same signals. 
Apply them according to the 
wiring pattern. 



464 



Figure 31 20 x 4-Line + 80 Segment Display (5-Dot Font, 1/33 Duty) 
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LCD-II/F12 



COM3 

S8£ 



C0M21 

88MB 

COM24 



EXT 



SEGI 
888 



11 



20 



Note: COMO and COM33 
output the same signals. 
Apply them according to the 
wiring pattern. 



Figure 32 20 x 2-Line + 60 Segment Display (6-Dot Font, 1/33 Duty) 
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Instruction and Display Correspondence 

• 8-bit operation, 24-digit x 1-line display with 
internal reset 

Refer to table 16 for an example of an 
24-digit x 1-line display in 8-bit operation. 
The LCD-II/F12 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, a character unit scroll can be 
performed by a display shift instruction. A dot 
unit smooth scroll can also be performed by a 
horizontal scroll instruction. Since data of 
display RAM (DDRAM) is not changed by a 
display shift instruction, the display can be 
returned to the first set display when the return 
home operation is performed. 

• 4-bit operation, 24-digit x 1-line display with 
internal reset 

The program must set all functions prior to the 
4-bit operation (see table 17). When the power 
is turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DBo to DB3 are not 
connected, a rewrite is then required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions. Thus, DB4 to DB7 
of the function set instruction is written twice. 

• 8-bit operation, 24-digit x 2-line display with 
internal reset 

For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 16 characters in the first 
line, the DD RAM address must be again set 
after the 16th character is completed. (See 
table 18.) 



The display shift is performed for the first and 
second lines. If the shift is repeated, the 
display of the second line will not move to the 
first line. The same display will only shift 
within its own line for the number of times the 
shift is repeated. 



• 8-bit operation, 12-digit x 4-line display with 
internal reset 

The RE bit must be set by the function set 
instruction and then the NW bit must be set by 
an extension function set instruction. In this 
case, 4-line display is always performed 
regardless of the N bit setting (see table 19). 

In a 4 -line display, the cursor automatically 
moves from the first to the second line after 
the 20th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be set again 
after the 8th character is completed. Display 
shifts are performed on all lines 
simultaneously. 

Note: When using the internal reset, the 

electrical characteristics in the Power 
Supply Conditions Using Internal Reset 
Circuit table must be satisfied. If not, the 
LCD-II/F12 must be initialized by 
instructions. See the section, Initializing 
by Instruction. 
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Table 16 8-Bit Operation, 24-Digit x 1-Line Display Example with Internal Reset 



Step Instruction 

No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO Display Operation 



1 


Power supply on (the HD6671 2 Is Initialized by • 

the internal reset circuit) ' 


1 Initialized. No display. 


2 


Function set 

RS R/WD? De D 5 D 4 
1 1 


D 3 



D2 Di 
* 


Do I 


1 Sets to 8-bit operation and 

— — ' selects 1 -line display. 

Bit 2 must always be cleared. 


3 


Display on/off control 




1 


1 1 


o 


| Turns on display and cursor. 

' Entire display is in space mode 

because of initialization. 


4 


Entry mode set 







1 1 


o L 


1 Sets mode to increment the 

1 address by one and to shift the 

cursor to the right at the time of 

write to the RAM. 

Display is not shifted. 


5 


Write data to CG RAM/DD RAM 
1 1 1 





o Lh— 


1 Writes H. DD RAM has 

1 already been selected by 



initialization when the power 
was turned on. 



Write data to CG RAM/DD RAM 
1 1 1 



HI 



Writes I. 



Write data to CG RAM/DD RAM 

1 1 1 



HITACHI 



Writes I. 



Entry mode set 





1 1 



HITACHI 



Sets mode to shift display at 
the time of write. 



1 Write data to CG RAM/DD RAM 

1 000100000 



ITACHI 



Writes a space. 
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Table 16 8-Bit Operation, 24-Digit x 1-Line Display Example with Internal Reset (cont) 

Display Operation 



Step Instruction 

No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO 



11 Write data to CG RAM/DD RAM 
1 1 1 



1 



1 



TACHIM 



Writes M. 



12 



1 3 Write data to CG RAM/DD RAM 

1 1 1 1 



1 1 



[MICROKO, | 



Writes O. 



1 4 Cursor or display shift 

1 



MICROKO 



Shifts only the cursor position 
to the left. 



1 5 Cursor or display shift 

1 



MICROKO 



Shifts only the cursor position 
to the left. 



1 6 Write data to CG RAM/DD RAM 

1 1 



1 1 



ICROCO 



Writes C over K. 

The display moves to the left. 



1 7 Cursor or display shift 




1 1 



I MICROCO 



Shifts the display and cursor 
position to the right. 



1 8 Cursor or display shift 




MICROCO_ 



Shifts the display and cursor 
position to the right. 



1 9 Write data to CG RAM/DD RAM 

1 1 1 1 



ICROCOM 



Writes M. 



20 



21 



Return home 




HITACHI 



Returns both display and cursor 
to the original position 
(address 0). 
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Table 17 4-Bit Operation, 24-Digit x 1-Line Display Example with Internal Reset 


Step Instruction 








No. RS R/WD7 D6 D5 


D4 D3 D2 D1 DO 


Display 


Operation 


1 Power supply on (the HD66712 is initialized by 


i 


-i Initialized. No display. 


the internal reset circuit) 




i 


| 


2 Function set 






-i Sets to 4-bit operation. 


RS R/WD 7 De D 5 


D4 D3 D2 Di Do 


! 


-1 Clear bit 2. In this case, 


1 


- - - - 




operation is handled as 8 bits 








by initialization. 


3 Function set 




1 


"1 Sets 4-bit operation and selects 


1 






- 1 i -line display, oiear dit d. 


A A A A lie 
* 


* _ 




4-bit operation starts from 








this step. 


4 Display on/off control 




r — - "" ■ 


-i Turns on display and cursor. 





- - - - 


1 - 


-1 Entire display is in space mode 


111 


- - - - 




because of initialization. 


5 Entry mode set 






Sets mode to increment the 





- - - - 


1 


J address by one and to shift the 


1 1 


- - - - 




cursor to the right at the time of 








write to the DD/CG RAM. 








Display is not shifted. 


6 Write data to CG RAM/DD RAM 




Writes H. 


10 10 


- - - - 


K 


J DDRAM has already been 


10 10 


- - - - 




selected by initialization. 


7 






Based on 8-bit operation after 








this instruction. 



Note: The control is the same as for 8-bit operation beyond step #6. 
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Table 18 8-Bit Operation, 24-Digit x 2-Line Display Example with Internal Reset 



Step Instruction 

No. RS R/W D7 D6 P5 P4 D3 D2 P1 DO Display Operation 



1 Power supply on (the HD6671 2 is initialized by 
the internal reset circuit) 




Initialized. No display. 


2 Function set 

RS R/W DB? DBe DBs DB 4 DB 3 DB 2 DBi DBo 
1 1 1 * * 




Sets to 8-bit operation and 
selects 2-line display. 
Clear bit 2. 


3 Display on/off control 

1 1 1 




Turns on display and cursor. 
All display is in space mode 
because of initialization. 


4 Entry mode set 

00000001 10 




Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. 
Display is not shifted. 


5 Write data to CG RAM/DD RAM 

1 1 1 


H 


Writes "H". DD RAM has 
already been selected by 
initialization at power-on. 


6 ; ; 


7 Write data to CG RAM/DD RAM 

1 1 1 1 


HITACHI 


Writes I. 


8 Set DD RAM address 

01 1000000 


HITACHI 


Sets DD RAM address so that 
the cursor is positioned at the 
head of the second line. 
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Table 18 8-Bit Operation, 24-Digit x 2-Line Display Example with Internal Reset (cont) 



Step Instruction 

No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO Display Operation 



Write data to CG RAM/DD RAM 
1 1 1 1 



HITACHI 



Writes a space. 



10 



1 1 Write data to CG RAM/DD RAM 

1 1 1 1 1 1 



HITACHI 



MICROCO 



Writes O. 



12 Entry mode set 

1 1 1 



HITACHI 



MICROCO 



Sets mode to shift display at 
the time of write. 



13 Write data to CG RAM/DD RAM 
1 1 1 1 



ITACHI 



ICROCOM 



Writes M. 



14 



1 7 Return home 





HITACHI 



MICROCOM 



Returns both display and cursor 
to the original position 
(address 0). 
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Table 19 8-Bit Operation, 12-Digit x 4-Line Display Example with Internal Reset 
Step Instruction 



No. RS R/WP7 D6 D5 P4 P3 D2 D1 DO Display Operation 



1 Power supply on (the HD66712 is initialized by 
the internal reset circuit) 




Initialized. No display. 


2 Function set 

1 1 1 




Sets 8-bit operation and 
enables write to the extension 
register. 


3 4-line mode set 

0000001001 




Sets 4-line operation. 


4 Function set 

Inhibit write to extension register 

1 1 * 




Inhibits write to extension 
register. Invalidates selection 
of 1-line/2-line by bit 3. 


5 Display on/off control 

1 1 1 




Turns on display and cursor. 
Entire display is cleared 
because of initialization. 


6 Entry mode set 

00000001 10 




Sets mode to increment the 
address by one and to shift the 
cursor to the right when writing 
to RAM. Display is not shifted. 


7 Write data to CG RAM/DD RAM 

1 1 1 


H_ 


Writes H. DDRAM has already 
been selected by initialization. 


8 


9 Write data to CG RAM/DD RAM 

1 1 1 1 


HITACHI 


Writes I. 
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Table 19 8-Bit Operation, 12-Digit x 4-Line Display Example with Internal Reset (cont) 



Step Instruction 

No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO Display Operation 



10 



Set DD RAM address 
10 1 



HITACHI 



Sets DD RAM address to (20)H 
so that the cursor is positioned 
at the beginning of the second 
line. 



11 Write data to CG RAM 
1 1 



HITACHI 



Writes 0. 
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Initializing by Instruction 

If the power supply conditions for correctly initialization by instructions becomes necessary, 
operating the internal reset circuit are not met, 

• Initializing when a length of interface is 8-bit system 



Q Power on ^ 



• Wait for more than 1 5 ms 
after Vcc rises to 4.5 V 
(Vcc = 5 V during operation) 

• Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vcc = 3 V during operation) 







RS R/W DB 7 DBe DB5 DB 4 DB 3 DB2 DB 1 DBq 
1 1 * * * * 







| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



Wait for more than 4.1 ms 







RS R/W DB 7 DBe DB 5 DB 4 DB 3 DB 2 DB, DBq 
00001 1 **** 







I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



Wait for more than 100 us 







RS R/WDB7 DBe DB S 
1 


DB 4 DB 3 DB2 DB! DBo 
•j * * * * 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



RS R/WDB7 DBe DB5 
1 


DB 4 DB 3 DB2 DBi DBo 
1 N * * 





10 





1 





1 l/D S 







Initialization ends 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 



Function set. 
Display off 
Display clear 
Entry mode set 
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• Initializing when a length of interface is 4-bit system. 



C 



Power on 



J 



• Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vcc = 5 V during operation) 

• Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vcc = 3 V during operation) 



RS R/fflDBy DBsDBsDBa 
1 1 



Wait for more than 4.1 ms 



RS R/W DB7 DBe DB 5 DB 4 
1 1 



Wait for more than 100 us 



RS FVWDB 7 DB 6 DB5 DB 4 
1 1 



initialization ends 



RS R/WDB7 


DB 6 DB5 DB 4 





1 





1 


N 


* * 








1 














1 











1 l/D S 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 



Function set (4-bit mode). 

Function set (4-bit mode, N specification). 

Display off 

Display clear 

Entry mode set (l/D, S specification) 



Figure 34 Initializing Flow of 4-Bit Interface 
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Low Power Mode 

When the extension driver is not used (EXT = 
Low) with extension register enabled (RE =1), the 
HD66712 enters low power mode by setting the 
low-power mode bit (LP) to 1. During low-power 
mode, as the internal operation clock is divided by 
2 (2-line/4-line display mode) or by 4 (1-line 
display mode), the execution time of each 
instruction becomes two times or four times longer 
than normal. In addition, as the frame frequency 
decreases to 5/6, display quality might be affected. 



In addition, since the display is not shifted in low 
power mode, display shift must be cleared with the 
return home instruction before setting low power 
mode. The amount of horizontal scroll must also 
be cleared (HDS = 000000). Moreover, because 
the display enters a shift state after clearing low- 
power mode, the home return instruction must be 
used to clear display shift at that time. 



Enable extension register 



Clear horizontal scroll quantity 
HDS -000000 



RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 



1 



DL 



N 



BE 



RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 








1 





A TV 







Set a low p< 


Dwer mode 






Return 


home 



RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 















1 


DL 


N 




RS 


R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 


DBO 


























m 







Note: The execution time of an instruction in low-power 
mode becomes two times or four times longer than normal. 
The frame frequency also decreases by 5/6. 



Clear low pc 


)wer mode 






Return home 



RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 















1 


DL 


N 


f|| 


BE 






Note: Up until this instruction, execution time is two times or 
four times longer than normal. 

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 



Note: Because the display enters a shift state, be sure to 
execute this instruction. 



Figure 38 Usage of Low Power Mode 
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Absolute Maximum Ratings* 



Item 




Symbol 




Unit 


Value 


Notes 


Power supply voltage (1) 


Vcc 




V 




■0.3 to +7.0 


1 


Power supply voltage (2) 


Vcc-Vs 




V 




-0.3 to +15.0 


1,2 


Input voltage 




v t 




V 




-0.3 to Vcc +0.3 


1 


Operating temperature 




Topr 




°C 




-20 to +75 


3 


Storage temperature 




Tstg 




°C 




-55 to +125 


4 


Note: If the LSI is used above these absolute maximum ratings 
Using the LSI within the following electrical characteristic 
operation. If these electrical characteristic conditions are 
cause poor reliability. 


, it may become permanently damaged, 
limits is strongly recommended for normal 
also exceeded, the LSI will malfunction and 


DC Characteristics (Vcc = 


: 2.7 V to 5.5 V, T a = -20 to +75°C* 3 ) 




Item 


Symbol 


Min 


Typ 


Max 


Unit Test Condition 


Notes* 


Innut hinh vnltano f 1 \ 

II ILSUl 1 MUI I VUHhUO \ ' / 

(except OSCi) 


Vim 


7Vrr 




Vrr 


V 




6 


Input low voltage (1) 


V|L1 


-0.3 




0.2VCC 


V 


Vcc = 2.7 to 3.0 V 


c 




(except OSCi) 




-0.3 


— 


0.6 


V 


Vcc . 3.0 to 4.5 V 




Input high voltage (2) 


V|H2 


0.7Vcc 




Vcc 


V 




15 


Input low voltage (2) 
(OSCi) 


V(L2 






0.2VCC 


w 

V 




15 


Output high voltage (1 ) 
(Do-D?) 


VOHI 


0.75Vcc 






V 


-Ioh = 0.1 mA 


7 


Output low voltage (1) 
(D0-D7) 


VOL1 






0.2Vcc 


V 


Iol = 0.1 mA 


7 


Output high voltage (2) 
(except D0-D7) 


VOH2 


0.8VCC 






V 


-Ioh = 0.04 mA 


8 


Output low voltage (2) 
(except D0-D7) 


VOL2 






0.2Vcc 


V 


Iol ■ 0.04 mA 


8 


Driver ON resistance 
(COM) 


Rcom 






20 


kn 


±ld . 0.05 mA (COM) 


13 


Driver ON resistance 
(SEG) 


RSE<3 






30 


ktt 


±ld = 0.05 mA (SEG) 


13 


I/O leakage current 


Ili 


-1 




1 


HA 


Vin ■ to Vcc 


9 


Pull-up MOS current 
(RESET* pin) 


-l P 


10 


50 


120 


HA 


Vcc = 3 V 




Power supply current 


Ice 




T.B.D 


. T.B.D. 


mA 


Rf oscillation, 
external clock 
Vcc = 3V, fosc = 270 kHz 


10, 14 


LCD voltage 


Vlcdi 


3.0 




13.0 


V 


Vcc-Vs, 1/5 bias 


16 




VLCD2 


3.0 




13.0 


V 


Vcc-Vs, 1/4 bias 


16 


Note: * Refer to Electrical Characteristics Notes following these tables. 
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Booster Characteristics 



Item 


Symbol 


Min 


TVp 


Max 


Unit 


Test Condition 


Notes 41 


Output voltage 
(V50UT2 pin) 


VUP2 




TBD 




V 


V C j - 4.5 V, lo « 0.5 mA, 

T a « 25°C 


18 


Output voltage 
(V50UT3 pin) 


VUP3 




TBD 




V 


Vci - 3 V, lo = 0.3 mA, 

T a * 25°C 


18 


Input voltage 


Vci 


2.5 




4.5 


V 




18 
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AC Characteristics (V C c = 2.7 V to 5.5 V, T a = -20 to +75°C* 3 ) 
Clock Characteristics (V cc = 2.7 V to 5.5 V, T a = -20 to +75°C* 3 ) 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Test Condition Notes* 


External 


External clock frequency 


fcp 


125 


270 


410 


kHz 


11 


clock 
operation 


External clock duty 


Duty 


45 


50 


55 


% 




External clock rise time 


trcp 






0.2 


us 






External clock fall time 


trcp 






0.2 






Rf 

oscillation 


Clock oscillation frequency 


fosc 


190 


270 


350 


kHz 


Rf = 75kft, 12 
Vcc - 3 V 



Note: * Refer to the Electrical Characteristics Notes section following these tables. 



System Interface Timing Characteristics (1) (Vcc = 2.7 V to 4.5 V, T a = -20 to +75° 
C* 3 ) 

Bus Write Operation 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Enable cycle time 


tcycE 


1000 






ns 


Figure 39 


Enable pulse width (high level) 


PWeh 


450 










Enable rise/fall time 


tEr, tEf 






25 






Address set-up time (RS, R/W to E) 


tAS 


T.B.D 










Address hold time 


tAH 


20 










Data set-up time 


tDSW 


195 










Data hold time 


tH 


10 










Bus Read Operation 
Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Enable cycle time 


tcycE 


1000 






ns 


Figure 40 


Enable pulse width (high level) 


PWeh 


450 










Enable rise/fall time ~ 


tEr, tEf 






25 






Address set-up time (RS, R/W to E) 


tAS 


T.B.D 










Address hold time 


tAH 


20 










Data delay time 


tDDR 






360 






Data hold time 


tDHR 


5 
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Serial Interface Oneration 

W * Mil All i> V- Jl 1 AVv x/pvl CI ^1V/11 














Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Serial clock cycle time 


tSCYC 


1 




20 


lis 


Figure 41 


Serial clock (high level width) 


tSCH 


400 




~~ 


ns 




Serial clock (low level width) 


tSCL 


400 










Serial clock rise/fall time 


tSCr, tSCf 






50 






Chip select set-up time 


tcsu 


T.B.D 










Chip select hold time 


tCH 


T.B.D 










oenai mpui uaia sex-up nme 


tsisu 












Serial input data hold time 


tSIH 


200 










Serial output data delay time 


tSOD 






360 






Serial output data hold time 


tSOH 


5 










System Interface Timing Characteristics (2) (Vcc = 
C* 3 ) 


4.5 V to 5.5 V, T a = -20 to +75° 


flue Wfttt* C\r\t*YCii'ir%Y\ 
Oils TVillc vspclaliuii 














Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Enable cycle time 


tcycE 


500 






ns 


Figure 39 


Enable pulse width (high level) 


PWeh 


230 










Enable rise/fall time 


tEr, tEf 






20 






Address set-up time (RS, R/W to E) 


tAS 


T.B.D 










Address hold time 


tAH 


10 










Data set-up time 


tDSW 


60 










Data hold time 


tH 


10 










Bus Read Operation 














Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Enable cycle time 


tcycE 


500 






ns 


Figure 40 


Enable pulse width (high level) 


PWeh 


230 










Enable rise/fall time 


tEr, t E f 






20 






Address set-up time (RS, R/W to E) 


tAS 


T.B.D 










Address hold time 


tAH 


10 










Data delay time 


tDDR 






160 






Data hold time 


tDHR 


5 
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Serial Interface Sequence 












Item 


Symbol 


Min 




Max 


Unit Test Condition 


Serial clock cycle time 


tSCYC 


0.5 




20 


M-S Figure 41 


Serial clock (high level width) 


tSCH 


200 




_ 


ns 


Serial clock (low level width) 


tSCL 


200 




_ 




Serial clock rise/fall time 


tSCr, tSCf 








50 




Chip select set-up time 


tcsu 


T.B.D 










Chip select hold time 


tCH 


T.B.D 








Serial input data set-up time 


tsisu 


100 








Serial input data hold time 


tSIH 


100 








Serial output data delay time 


tSOD 






160 




Serial output data hold time 


tSOH 


5 









Segment Extension Signal Timing (Vcc = 2.7 V to 5.5 V, T a = -20 to +75°C* 3 ) 
Item Symbol Min Typ Max Unit Test Condition 

Clock pulse width High level tcwH 800 — — ns Figure 42 



Low level tcwi 800 



Clock set-up time 


tcsu 


500 — 




Data set-up time 


tsu 


300 — 




Data hold time 


tDH 


300 — 




M delay time 


tDM 


-1000 — 


1000 



Clock rise/fall time tct — — 1 00 



Reset Timing (V C c = 2.7 V to 5.5 V, T a = -20 to +75°C* 3 ) 

Item Symbol Min Typ Max Unit Test Condition 

Reset low-level width tRES 10 — - — ms Figure 43 



Power Supply Conditions Using Internal Reset Circuit 

Item Symbol Min Typ Max Unit Test Condition 

Power supply rise time tree 0.1 — 10 ms Figure 44 

Power supply off time toFF 1 — — 
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Electrical Characteristics Notes 

1 . All voltage values are referred to GND = V. If the LSI is used above the absolute maximum ratings, 
it may become permanently damaged. Using the LSI within the following electrical characteristic is 
strongly recommended to ensure normal operation. If these electrical characteristic are also exceeded, 
the LSI may malfunction or exhibit poor reliability. 

2. Vcc > Vi > V2 ^ V3 > V4 > Vs must be maintained. 

3. For die products, specified up to 75°C. 

4. For die products, specified by the die shipment specification. 

5. The following four circuits are I/O pin configurations except for liquid crystal display output. 



Input pin 

Pin: E/SCLK, RS/CS*. RW/SID, IM, Pins: RESET* (MOS with pull-up) 
EXT, TEST (MOS without pull-up) 



Output pin 

Pins: CLlCLz. M, D 




PMOS 



NMOS 



I/O Pin 

Pins: DB0/SOD-DB7 v cc 
(MOS with pull-up) 

(pull-up MOS) 



(pull up MOS) |£ 



Vcc 

~T~ (input circuit) 
' PMOS 



PMOS 



NMOS 





NMOS 



Input enable 



NMOS 



PMOS 



NMOS 



(output circuit) 
(tristate) 



NMOS 



Output 
enable data 



6. Applies to input pins and I/O pins, excluding the OSCi pin. 

7. Applies to I/O pins. 

8. Applies to output pins. 
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9. Current flowing through pull-up MOSs, excluding output drive MOSs. 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 
level must be fixed high or low. 

11. Applies only to external clock operation. 



Oscillator — OSC1 
Open — I OSC2 



0.7Vco 
0.5Vo 
0.3Vco 



Tl 



trcp tcp 



Duty= 



Th 

Th+TI 



x 100% 



12. Applies only to the internal oscillator operation using oscillation resistor Rf. 



Rf : 75 kft ± 2% (when Vcc = 3 V to 4 V) 
Rf: 91 kQ ± 2% (when Vcc = 4 V to 5 V) 

0SC1 Since the oscillation frequency varies depending on the OSC1 and 
OSC2 OSC2 pin capacitance, the wiring length to these pins should be 
minimized. 
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13. "Room is the resistance between the power supply pins (Vcc, Vi, V4, V5) and each common 

signal pin (COMo to COM33). 

Rseg is the resistance between the power supply pins (Vcc, V2, V3, V5) and each segment signal pin 
(SEGi to SEG60). 

14. The following graphs show the relationship between operation frequency and current consumption. 



Vcc = 5V 


1.8 
1.6 

e 12 
— 1.0 

* p - 0.6 
0.4 
0.2 
0.0 

500 ( 


Vcc = 3V 




l.O 

1.6 

< 1.2 
— 1.0 

8 0.8 
0.6 
0.4 
0.2 
0.0 






















typ. 


































































































































































100 200 300 400 

fOSC or fcp (kHz) 


) 100 200 300 400 
fOSC or fcp (kHz) 


500 



15. Applies to the OSCi pin. 

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (Vcc, Vi, V2, V3, V4, V5) 
when there is no load. 

17. The TEST pin must be fixed to ground, and the IM or EXT pin must also be connected to Vcc or 
ground. 



18. Booster characteristics test circuits are shown below. 



Boosting twice 


Boosting three times 


T 




T 






Vcc 




Vcc 






Vci 




Vci 






C1 
C2 


~"}z 1iiF 


C1 
C2 


' + 




V50UT2 


1|iF 10kQ 


V50UT2 






x + t 






V50UT3 
GND 




V50UT3 
GND 


1a F 10kQ 






1 ^ " 


± 
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Load Circuits 




AC Characteristics Test Load Circuits 




Data bus: DB0-DB7, SOD 


Segment extension signals: CL1, CL2, D, M 


Test G 


Test 


Point 1 


Point 


sopF zj: 


30pF 



HITACHI 



485 



HD66712 



Timing Characteristics 



RS 
R/W 
E 



DBO 
to DB7 



="Wii 


"W!i> 


S ^1U_ 


YlLly 



< tAS > 



VIL1 



VIL1. 



PWeh 



VIH1 



tEr 



tosw 
< > 



X 



« tAH > 



X 



lAH 



r-tEf 

VIL1 



VIL1 



•VIH1 



Valid data 



"W7i 



tCYCE 



Figure 39 Bus Write Operation 



RS 



R/W 



DBO ■ 
to DB7 ' 



^VIH1 


ran* 


-VIL1 


VILU 



7' 



J 7!r7T 



VIL1. 



lEr> 



PWEH 



VIH1 



VlH1" 



X 



tAH 



Tim 



■to 

.VIL1 



x toHR ^ 



Von 



Valid data 



tCYCE 



VOL1 
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Figure 40 Bus Read Operation 
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CS* 
SCLK 

SID 
SOD 



VIL1 




tcsu 



"Tim 

VlLi 



tscr 
— ^ 



tsisu 



tSCYC 



, tSCH JSC f tCWL^ 



tSIH 



VIM 
VIL1 



\AHt 
V)L1- 



tSOD 
< >■ 



VDH1 
VOL1 



X 



A. 



VIL1 



VIH1 



< tsQH ; 



VOH1 
VOL1 



Figure 41 Serial Interface Timing 




Figure 42 Interface Timing with Extension Driver 
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tRES 



RESET* 



\ 



] 



Note: When power is supplied, initializing by the internal reset circuit has priority. Accordingly, 
the above RESET* input is ignored during internal reset period. 



Figure 43 Reset Timing 



2.7V/4.5 V* 2 



0.2 V 




•0.2 V 



0.2 V; 




0.1 ms < t rcc < 1 ms 



toFF £1 ms 



Notes: 1 . toFF compensates for the power oscillation period caused by momentary power 
supply oscillations. 

2. Specified at 4.5 V for 5-volt operation, and at 2.7 V for 3-volt operation. 

3. If the above electrical conditions are not satisfied, the internal reset circuit will not 
operate normally. In this case, initialize by instruction. (Refer to Initializing by 
Instruction.) 



Figure 44 Power Supply Sequemce 
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(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

The HD44102CH is a column (segment) driver for 
dot matrix liquid crystal graphic display systems, 
storing the display data transferred from a 4-bit or 8- 
bit microcomputer in the internal display RAM and 
generating dot matrix liquid crystal driving signals. 

Each bit data of display RAM corresponds to on/off 
state of each dot of a liquid crystal display to provide 
more flexible than character display. 

The HD44 1 02CH is produced by the CMOS process . 
Therefore, the combination of HD44102CH with a 
CMOS microcontroller can complete portable battery- 
driven unit ntilizing the liquid crystal display's low 
power dissipation. 

The combination of HD44102CH with the row 
(common) driver HD44103CH facilitates dot matrix 
liquid crystal graphic display system configuration. 

Features 

• Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 

• Interfaces with 4-bit or 8-bit MPU 

• RAM data directly displayed by internal display 
RAM 

RAM bit data 1: On 
RAM bit data 0: Off 

• Display RAM capacity: 50 x 8 x 4 (1600 bits) 

• Internal liquid crystal display driver circuit 
(segment output): 50 segment signal drivers 

• Duty factor (can be controlled by external input 
waveform) 

- Selectable duty factors: 1/8, 1/12, 1/16, 

1/24, 1/32 

• Wide range of instruction functions 

- Display Data Read/Write, Display On/Off, 
Set Address, Set Display 

- Start Page, Set Up/Down, Read Status 

• Low power dissipation 

• Power supplies: 5 V ± 10%, W m to -5 V 

• CMOS process 



Pin Arrangement 



Ordering Information 

Type No. Package 

HP44102CH 80-pin plastic OFP(FP-80) 
HD44102D Chip 




>->->>->->->>•> 



(Top-View) 
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RST 



BS 



E, R/W, D/l 
CSi — CSa ~ 



DBo — DB7 + 



_ o 
2 ? 



♦ 2- 

Vcc- 
GND- 
Vee- 



Yi Y2 



YwYso 



V1V2V3V4 



at 



II 
: 5? 



-# X Decoder 



off 



Display data 



JLL=. 



Driver circuits (50 circuits) 



Page 
data 



down 



= : TT 



Latch (50 circuits) 



Address 



33 



Page 



Page 1 Display data RAM 



Page 2 50x4x8 bit 



Page 3 



-M 
-CL 
* FRM 



page 



U-BUSY 
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Absolute Maximum Ratings 



ItAm 

IIOIII 


oyiiiKiui 


Vftlno 

VctlUO 


Unit 

Willi 


Notes 


Supply voltage (1) 


Vcc 


-0.3 to +7.0 


V 


1 


Supply voltage (2) 


v 6E 


V cc -13.5toV cc + 0.3 


V 




Input voltage (1) 




-0.3 to + 0.3 


V 


1.2 


Input voltage (2) 


v« 


V EE -0.3toV cc + 0.3 


V 


3 


Operating temperature 


V 


-20 to +75 


°c 




Storage temperature 


V 


-55 to +125 


°c 





Notes: 1. Referenced to GND = 0. 

2. Applied to input terminals (except V1 , V2, V3, and V4), and I/O common terminals. 

3. Applied to terminals V1, V2, V3, and V4. 



Electrical Characteristics 

(V cc = +5 V ±1 0%, GND = V, V EE = to -5.5 V f Ta - -20 to 75 °C) < Note4 > 



Item 


Symbol 


Min 


Typ Max 


Unit 


Test condition 


Notes 


Input high voltage (CMOS) 


V 

V IHC 


0.7xV cc 


"* ^cc 


V 




5 


Input low voltage (CMOS) 







- 0.3xV cc 


V 




5 


Input high voltage (TTL) 


v 

¥ IHT 


2.0 


- v cc 


V 




6 


Input low voltage (TTL) 


v 1LT 





- +0.8 


V 




6 


Output high voltage 


v 


+3.5 




V 


Ioh = -250hA 


7 


Output low voltage 


Vot 




- +0.4 


V 


l 0L = +1.6 mA 


7 


Vi-Xj ON resistance 


R ON 




- 7.5 


kft 


V EE = -5V±10%, 
Load current 100 uA 




Input leakage current (1) 


l,L, 


-1 


- 1 


HA 


V IN = V cc toGND 


8 


Input leakage current (2) 




-2 


- 2 


iiA 


Vi-VootoV. 


9 


Operating frequency 




25 


- 280 


kHz 


<|>1 , 02 frequency 


10 


Dissipation current (1) 


'cci 




- 100 


uA 


f^ » 200 kHz frame - 
65 Hz during display 


11 


Dissipation current (2) 


'cC2 




- 500 


HA 


Access cycle 1 MHz 
at access 


12 
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Notes: 4. Specified within this range unless otherwise noted. 

5. Applied to M, FRM, CL, BS, RST,<|>1 , <|>2. 

6. Applied to CS1 to CS3, E, D/l, R/W and DBO to DB7. 

7. Applied to DBO to DB7. 

8. Applied to input terminals, M, FRM,CL, BS, RST, <|>1 , <|>2, CS1 to CS3, E, D/l and R/W, 
and I/O common terminals DBO to DB7 at high impedance. 

9. Applied to V1 , V2, V3, and V4. 
1 0. (|>1 and <|>2 AC characteristics. 



Symbol Min Typ Max Unit 



Duty factor 


Duty 


20 


25 


30 


% 


Fall time 


t, 






100 


ns 


Rise time 


t r 






100 


ns 


Phase difference time 




0.8 






\xs 


Phase difference time 


V 


0.8 






US 










40 


[IS 



-Ti-4- Th * 

ojvcc^ Jr ^ r 

o!3Vcc rx |r t12 "1 |*" t21 "^ I 

t f-4K -4Ktr *-Tl-*^ Th — 



OJVcc 
0.5VCC 
0.3Vcc 



tr tf 



0.5VCC 



Lr 



fCLK i 



Duty* 



Ti + Th 

Ti 
Ti + Th 



x100 (%) 



11. 



12. 



Measured by V cc terminal at no output load, at 1/32 dury factor, and frame frequency 
of 65 Hz, in checker pattern display. Access from the CPU is stopped. 
Measured by V cc terminal at no output load, 1/32 duty factor and frame frequency of 
65 Hz. 
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Interface AC Characteristics 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


E cycle time 


*CYC 


1000 


- 


- 


ns 


13. 14 


E high level width 


P 

WEH 


450 


- 


- 


ns 


13, 14 


E low level width 


P 

WEL 


450 




- 


ns 


13,14 


E rise time 


t, 


- 


- 


25 


ns 


13,14 


E fall time 


t> 


- 


- 


25 


ns 


13,14 


Address setup time 


<AS 


140 






ns 


13,14 


Address hold time 


«AH 


10 






ns 


13,14 


Data setup time 


*DSW 


200 






ns 


13 


Data delay time 


*DDR 






320 


ns 


14,15 


Data hold time at write 


*DHW 


10 






ns 


13 


Data hold time at read 


*DHR 


20 






ns 


14 



Notes: 




15. DB0 to DB7 load circuits 



Test Point o- 



Di 



Rl 

D2 
D3 
D4 



R L - 2.4 YD. 
R =11 

C = 1 30 pF (including jig capacitance) 
Diodes D< to D, are all 1S2074 (R) 
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Notes: 1 6. Display off at initial power up. 

The HD44102CH can be placed in the display off state by setting terminal RST to low 
at initial power up. 

No instruction other than the Read Status can be accepted while the RST is at the low 
level. 





Symbol 


Min 


Typ 


Max 


Unit 


Reset time 


w 


1.0 






us 


Rise time 


t, 






200 


ns 



Pin Description 



Pin 
Name 



Pin 

Number 



I/O Function 




Y1-Y50 50 



Liquid crystal display drive output. 

Relationship among output level, M and display data (D): 



Output 
Level 




CS1-CS3 3 I Chip select 



CS1 


CS2 


CS3 


State 


L 


L 


L 


Non-selected 


L 


L 


H 


Non-selected 


L 


H 


L 


Non-selected 


L 


H 


H 


Selected read/write enable 


H 


L 


L 


Selected write enable only 


H 


L 


H 


Selected write enable only 


H 


H 


L 


Selected write enable only 


H 


H 


H 


Selected read/write enable 



E 1 I Enable 

At write (R/W * Low): Data of DBO to DB7 is latched at the fall of E. 

At read (R/W = High): Data appears at DBO to DB7 while E is at high 
level. 
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Pin Name 


Pin 

Number I/O 


Function 


R/W 


1 I 


Read/Write 

R/W = High: Data appears at DBO to DB7 and can be read 

by the CPU when E - high and CS2, CS3 « high. 

R/W = Low: DBO to DB7 can accept input when CS2, CS3 = high or 
CS1 * high. 


D/l 


1 I 


Data/Instruction 

D/l = High: Indicates that the data of DBO to DB7 is display data. 
D/l = Low: Indicates that the data of DBO to DB7 is display control 
data. 


DB0-DB7 


8 I/O 


Data bus, three-state I/O common terminal 

E R/W CS1 CS2 CS3 State of DBO to DB7 

H H * H H Output state 
* L H * * Input state, 

L H n nigh impedance 
Others High impedance 


M 


1 I 


Signal to convert liquid crystal display drive output to AC. 


CL 


1 I 


Display synchronous signal 

At the rise of CL signal, the liquid crystal display drive signal 
corresponding to display data appears. 


FRM 


1 I 


Display synchronous signal (frame signal) 

This signal presets the 5-bit display line counter and 
synchronizes a common signal with the frame timing when 
the FRM signal becomes high. 




2 I 


2-phase clock signal for internal operation 

The <t>1 and <j> 2 clocks are used to perform the operations 
(input/output of display data and execution of instructions) 
other than display. 


RST 


1 I 


Reset signal 

The display disappears and Y address counter is set in the up 
counter state by setting the RST signal to low level. After 
releasing reset, the display off state and up mode is held until 
the state is changed by the instruction. 


BS 


1 1 


Bus select signal 

BS = Low: DBO to DB7 operate for 8-bit length. 

BS = High: DB4 to DB7 are valid for 4— bit length only. 

8-bit data is accessed twice in the high and low order. 


V1.V2, 
V3,V4 


4 


Power supply for liquid crystal display drive 
V1 and V2: Selection voltage 
V3 and V4: Non-selection voltage 
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Pin 




Din Mama KIlimllAr I/O 

rin Name wumoer i/vj 


runciion 


Vcc 3 


Power supply 


GND 


V^-GND: Power supply for internal logic 




V CC -V EE : Power supply for liquid crystal display drive circuit logic 



Function of Each Block 
Interface Logic 

The HD44 1 02CH can use the data bus in 4-bit or 8-bit 
word length to enable interface to a 4-bit or 8-bit CPU. 

1. 4 bit mode (BS = High) 

8-bit data is transferred twice for every 4 bits 
through the data bus when the BS signal is high. 



The data bus uses the high order 4 bits (DB4 to 
DB7). First, the high order 4 bits (DB4 to DB7 
in 8-bit data length) are transferred and then the 
low order 4 bits (DBO to DB3 in 8-bit data 
length). 



Busy Flag T^~"L r^ H 

D/l ' ' | ! 

™N* I I I 



Busy flag 


Address 


Address 


Busy flag 


Data high 


check 


high order 


low order 


check 


order write 


(Status 


write 


write 


(Status 




read) 






read) 





Figure 1 4-Bit Mode Timing 

Note: Execute instructions other than status read in 4-bit length each. The busy flag is set at the 
fall of the second E signal. The status read is executed once. Afterthe execution of the status 
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is chec- 
ked after the transfer of the high order 4 bits, retransfer data from the higher order bits. No 
busy check is required in the transfer between the high and low order bits. 
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2. 8-bit mode (BS = Low) 

If the BS signal is low, the 8 data bus lines (DBO to 

DB7) are used for data transfer. 

DB7: MSB (Most significant bit) 
DBO: LSB (Least significant bit) 

For AC timing, refer to note 1 2 to note 1 5 of "Electrical 

Characteristics". 

Input Register 

8-bit data is written into this register by the CPU. The 
instruction and display data are distinguished by the 
8-bit data and D/I signal and then a given operation is 
performed. Data is received at the fall of the E signal 
when the CS is in the select state and R/W is in write 
state. 

Output Register 

The output register holds the data read from the 
display data RAM. After display data is read, the 
display data at the address now indicated is set in this 
output register. After that, the address is increased or 
decreased by 1 . Therefore, when an address is set, the 
correct data doesn't appear at the read of the first 
display data. The data at a specified address appears 
at the second read of data (figure 2). 



X, Y Address Counter 

The X, Y address counter holds an address for reading/ 
writing display data RAM. An address is set in it by 
the instruction. The Y address register is composed of 
a 50-bit up/down counter. The address is increased or 
decreased by 1 by the read/write operation of display 
data. The up/down mode can be determined by the 
instruction or RST signal. The Y address register 
counts by looping the values of to 49. The X address 
register has no count function. 

Display On/Off Flip/Flop 

This flip/flop is set to on/off state by the instruction or 
RST signal. In the off state, the latch of display data 
RAM output is held reset and the display data output 
is set to 0. Therefore, display disappears. In the on 
state, the display data appears according to the data in 
the RAM and is displayed. The display data in the 
RAM is independent of the display on/off. 

Up/Down Flip/Flop 

This flip/flop determines the count mode of the Y 
address counter. In the up mode, the Y address 
register is increased by 1 . follows 49. In the down 
mode, the register is decreased by 1. is followed by 
49. 



D/l 
R/W 
E 

Address 

Output 
register 



~l_l I I L 

1 N±1 | N±2 ~ 

| Data at address N | Data at address N ±T 





Busy 


Write 


Busy 


Read data 


Busy 


Read data 


Busy 


DBo — DB7 


check 


address N 


check 


(dummy) 


check 


at 


check 












address N 





Data read 

address 

N±1 



Figure 2 Data Output 
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Display Page Register 

The display page register holds the 2-bit data that 
indicates a display start page. This value is preset to 
the high order 2 bits of the Z address counter by the 
FRM signal. This value indicates the value of the 
display RAM page displayed at the top of the screen. 

Busy Flag 

After an instruction other than status read is accepted, 
the busy flag is set during its effective period, and 
reset when the instruction is not effective (figure 3). 
The value can be read out on DB7 by the status read 
instruction. 

The HD44 1 02CH cannot accept any other instructions 
than the status read in the busy state. Make sure the 
busy flag is reset before issuing an instruction. 



Z Address Counter 

The Z address counter is a 5-bit counter that counts up 
at the fall of CL signal and generates an address for 
outputting the display data synchronized with the 
common signal. is preset to the low order 3 bits and 
a display start page to the high order 2 bits by the FRM 
signal. 

Latch 

The display data from the display data RAM is 
latched at the rise of CL signal. 

Liquid Crystal Driver Circuit 

Each of 50 driver circuits is a multiplex circuit 
composed of 4 CMOS switches. The combination of 
display data from latchs and the M signal causes one 
of the 4 liquid crystal driver levels, VI, V2, V3 and 
V4 to be output. 



J~l_ 



Busy 



J L 

+ — Tbusy — *| 



cr = Tbusy 



F<t> is <t>1 , $2 frequency (half of HD44103CH oscillation frequency) 



Figure3 Busy Flag 



498 



HITACHI 



HD44102 



Display RAM 




Display pattern 



LSB 
Do- 

Di- 

D2- 
D3- 
D4- 

Ds- 

D6- 
D7- 

MSB 



COM30- 
COM31- 
COM32- 






1 


1 


1 













1 













1 










1 













1 










1 













1 




1 





1 




1 


1 


1 


1 










1 













1 










1 













1 










1 





































































1 

















1 






















1 


1 


1 


1 


1 








































Driver output 
Y1—Y50 



X-0 

X=2 
•X=3 



Data in display RAM 



Yo Yi Y2 Y3 Y4 
(Y address) 



Y47Y48Y49 



Figure 4 Relationship between Data in RAM and Display 
(Display start page 0, 1/32 duty) 
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Display Control Instructions 
Read/Write Display Data 

MSB DB LSB 
R/W D/l 7 6 5 4 3 2 1 
1 1 (Display data) 

Read (CPU «- HD44102CH) 
1 (Display data) 

Write (CPU -»HD441 02CH) 

Sends or receives data to or from the address of the 
display RAM specified in advance. However, a 
dummy read may be required for reading display data. 
Refer to the description of the output register in 
Function of Each Block. 

Display On/Off 

MSB DB LSB 
R/W D/l 76543210 
1 1 1 1 Display on 
0011 1000 Display off 



Set X/Y Address 

MSB DB LSB 
R/W D/l 7 6 5 4 3 2 1 


1 Binary numbers of 0-49 
10 
11 



X address 
(page) 

Y address 



Y address 
(address) 






1 ... 


48 49 


00 


L 
M 


PageO 


01 


L 
M 


Pagel 


10 


L 
M 


Page 2 


11 


L 
M 


Page 3 






Display Data RAM 



Turns the display on/off. RAM data is not affected. 



Display Start Page 

MSB DB LSB 
R/W D/l 7 6 5 4 3 2 1 
1 1 1 1 1 

Refer to figure 5 (a) 

1 1 1 1 1 1 

...... Refer to figure 5 (b) 

10 111110 

Refer to figure 5 (c) 

JM^ 111110 

Display start page 

Refer to figure 5 (d) 
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Specifies the RAM page displayed at the top of the 24, 1/16), display begins at a page specified by the 
screen. Display is as shown in figure 4. When the display start page only by the number of lines, 
display duty factor is more than 1/32 (For example, 1/ 



(a) 



Start pa 


ge = page 


A 


Page 


B 


Page 1 


C 


Page 2 


D 


Page 3 



Display Data RAM 



A 
B 



Liquid Crystal Screen 



Displayed up to 
here when display 
duty is 1/N. 
(N=8,12,16, 24,32) 



Start page = page 1 



(b) 



A 


PageO 


B 


Page 1 


C 


Page 2 


D 


Page 3 




Display Data RAM 



Liquid Crystal Screen 



Start page - page 2 



(c) 




Display Data RAM Liquid Crystal Screen 



(d) 



Start page = page 3 



A 


PageO 




B 


Page 1 




C 


Page 2 




D 


Page 3 


3 




Display Data RAM 





Liquid Crystal Screen 



Figure 5 Display Start Page 
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Up/Down Set 

MSB DB LSB 
R/W D/l 7 6 5 4 3 2 1 
1 1 1 1 1 Up mode 
1 1 1 1 Down mode 



Sets Y address register in the up/down counter 
mode. 



Status Read 

MSB DB LSB 

R/W D/l 7 6543210 

1 BUOR0000 
U PFE 
S / F S 
Y D / E 

O O T 

WN 

N 



Goes to 1 when RST is in the reset state 
(Busy also goes to 1). 

Goes to when RST is in the operating state. 



Goes to 1 in the display off state. 
Goes to on the display on state. 



Goes to 1 when address counter is in the up mode. 

Goes to when address counter is in the down 
mode. 



Goes to 1 while all other instructions are being 
executed. 

While 1 , none of the other instructions are 
accepted. 
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Connection Between LCD Drivers (Example of 1/32 Duty Factor) 



_E1 

CR R C 



HD44103CH 
(Master) 



Xi 



X50 

SHL 
M/S 
FS 
DSi 
DS2 
DS3 



FRM 
M 

DL DR 01 02 CL 



Open 



i To liquid 

| crystal display 



• Vcc 

• GND 



Open Open Open 



DL DR 01 <|)2 FRM 
M 
CL 
Xi 



— Open 



HD44103CH 
(Slave) 



X12 
SHL 
M/S 
FS h 
DSi h 
DS2 
DS3 



CR R C 

I I I 



: To liquid 

j crystal display 



■Vcc 
- GND 



Open Open 



VCC 



To liquid crystal display 



Yi 
FRM 

M 

CL 

01 

02 



Y50 



HD44102CH 
No. 1 



To liquid crystal display 



Yi 
FRM 

M 
CL 
01 
02 



Y50 



HD44102CH 
No. 2 



Figure 6 1/32 Duty Factor Connection Example 
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Interface to CPU 

1. Example of connection to HD6800 

In the decoder given in this example, the addresses of Thus, the HD44 1 02CH can be controlled by reading/ 
HD44102CH in the address space of HD6800 are: writing data at these addresses. 
Read/write of display data: $'FFFF 
Write of display instruction: $'FFFE' 
Read of status: $'FFFE 



HD6800 



A15 

to 
At 
VMA 



Ao 
R/W 

<|>2 

Do 
to 
D? 

RES 



Decoder 



Vcc-* 



Vcc 



t 



CSi 

CS2 
CS3 



D/l 
R/W 



DBo 

to 

DB? 



RST 



HD44102CH 



Figure 7 Example of Connection to HD6800 Series 
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2. Example of connection to HD6801 

• The HD6801 is set to mode 5. P10-P14areusedas 
output ports, and P30-P37 are used as the data bus. 

• The 74LS 154 is a 4-to-l 6 decoder that decodes 4 
bits of P10-P13 to select the chips. 

• Therefore, the HD44102CH can be controlled by 
selecting the chips through P 1 0-P 1 3 and specifying 
the D/I signal through PI 4 in advance, and later 



conducting memory read or write for external 
memory space $0100 to $01FF of HD6801. The 
IOS signal is output to SCI, and the R/W signal is 
output to SC2. 
• For further details on HD6800 and HD6801, refer 
to their manuals. 



74LS154 



P10 
P11 

P12 
P13 

(IOS) SC1 
(R/W) SC2 

HD6801 P14 
E 

P30 
P31 

(Data Bus) ; 

P37 



Gi G2 



Yo 

j 

Y15M- 




R/W 

D/l HD44102CH 
No. 1 

E 

DBo 
DB1 

DB? 



Figure 8 Example of Connection to HD6801 
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Connection to Liquid Crystal Display 





Xi 


if 




X2 






it 


I 


X 


X?o 



g xi 

Q ^X12 
I 



20. 



21 



22, 



{32, 



Liquid crystal display panel 
32 x 150 dots 






Figure 9 Example of Connection to 1/32 Duty Factor, 1-Screen Display 



± 

t 



g^ X1 

X X16 



2 
i 

15 , 



Liquid crystal display panel 
16 x 100 dots 



HD44102CH 
No. 1 



HD44102CH 
No. 2 



Figure 10 Example of Connection to 1/16 Duty Factor, 1-Screen Display 
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Liquid crystal display panel 
64 x 240 dots 




Yi Yso 

HD44102CH 
No. 2 




Yi --^^Y40 

HD44102CH 
No. 5 





Figure 11 Example of Connection to 1/32 Duty Factor, 2-Screen Display 
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Limitations on Using 4-Bit Interface Function 

The HD44102 usuallly transfers display control data 
and display data via 8-bit data bus. It also has the 4- 
bit interface function in which the HD44 1 02 transfers 
8-bit data by dividing it into the high-order 4 bits and 
the low-order 4-bits in order to reduce the number of 
wires to be connected. You should take an extra care 
in using the application with the 4-bit interface function 
since it has the following limitations. 

Limitations 

The HD44102 is designed to transfer the high- 
order 4-bits and the low-order 4-bits of data in 
that order after busy check. The LSI does not 
work normally if the signals are in the following 



state for the time period (indicated with .(*) in 
fifure 1 1) from when the high-order 4 bits are written 
(or read) to when the low-order 4 bits are written (or 
read); R/W = high and D/l = low while the chip is 
being selected (CS1 = high and CS2 = CS3 = don't 
care, or CS 1 = low and CS2 = CS3 = high). 



If the signals are in the limited state mentioned before 
for the time period indicated with (*) the LSI does not 
work normally. Please do not make the signals 
indicated with dotted lines simultaneously. As far as 
the time period indicated with (**), there is no problem. 

The following explains how the malfunction is caused 
and gives the measures in application. 



E 

cs _y 



R/W 
D/l 

DBo— DB7 



\J 



— hC^> 



High order 
bits 



Low order 



Busy 
check 



Writes high- Writes tow- 
order bits order bits 



Figure 12 Example of Writing Display Control Instructions 
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Cause 

Busy check checks if the LSI is ready to accept the 
next instruction or display data by reading the status 
register to the HD44102. And at the same time, it 
resets the internal counter counting the order of high- 
order data and low-order data. This function makes 
the LSI ready to accept only the high-order data after 
busy check. Strictly speaking, if R/W = high and D/ 
I = low while the chip is being selected, the internal 
counter is reset and the LSI gets ready to accept high- 
order bits. Therefore, the LSI takes low-order data for 
high-order data if the state mentioned above exist in 
the interval between transferring high-order data and 
transferring low-order data. 



Measures in Application 

1. HD44102 Controlled Via Port 

When you control the HD44102 with the port of a 
single-chip microcomputer, you should take care of 
the software and observe the limitations strictly. 

2. HD44102 Controlled Via Bus 
a. Malfunction Caused by Hazard 

Hazard of input signals may also cause the 
phenomenon mentioned before. The phase shift at 
transition of the input signals may cause the 
malfunction and so the AC characteristics must be 
carefully studied. 



E / 


\ r 


cs / 


k- 


R/W \ 




~~ \ 


— zJC^ azard 


Example 




Writing High-Order Data 



Figure 13 Input Hazard 

b. Using 2-Byte Instruction 



Address 



(D/l) 
DBo — DB7 




-O-O 

High-order Low-order 
data data 

Last 2 Machine Cycles 
of 2-Byte Instruction 



Figure 14 2-Byte Instruction 
HITACHI 
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In an application with the HD6303, you can prevent 
malfunction by using 2-byte instructions such as STD 
and STX. This is because the high-order and low- 
order data are accessed in that order without a break 
in the last machine cycle of the instruction and R/W 
and D/I do not change in the meantime. However, you 
cannot use the least significant bit of the address 
signals as the D/I signal since the address for the 



second byte has an added 1. Design the CS decoder 
so that the addresses for the HD44102 should be 2N 
and 2N + 1, and that those addresses should be 
accessed when using 2-byte instructions. For example, 
in figure 14 the address signal A, is used as D/I signal 
and A 2 -A 15 are used for the CS decoder. Addresses 
4N and 4N + 1 are for instruction access and addresses 
4N + 2 and 4N + 3 are for display data access. 



A2-A*5 

HD6303 A1 
R/W 

E 



Decoder 



CS 
D/I 
R/W 
E 



HD44102CH 



Figure 15 HD6303 Interface 
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(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD44103CH is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals required for display with 
its internal oscillator and supplies them to the column 
driver (HD44102CH) to control display, also 
automatically scanning the common signals of the 
liquid crystal according to the display duty. It can 
select 5 types of display duty ratio: 1/8, 1/12, 1/16, 1/ 
24, and 1/32. 20 driver output lines are provided, and 
the impedance is low (500 Q max.) to enable a large 
screen to be driven. 

Features 

• Dot matrix liquid crystal graphic display common 
driver incorporating the timing generation circuit 

• Internal oscillator (Oscillation frequency can be 
selected by attaching an oscillation resistor and an 
oscillation capacity) 

• Generates display timing signals 

• 20-bit bidirectional shift register for generating 
common signals 

• 20 liquid crystal driver circuits with low output 
impedance 

• Selectable display duty ratio: 1/8, 1/12, 1/16, 1/24, 
1/32 

• Low power dissipation 



Pin Arrangement 



Power supplies: 
CMOS process 



V^VtlO'fc, 
V *0 to -5.5 V 



,HRF1F1F1 MM, 



x»|T 
nc(T 
x»|T 

X7 

Xe 
Xs 
NC[ 
NC[ 
NC[ 
NC[ 

X4 C 

Xa[ 

X2 C 
Xi[ 
Vi[ 
NCQ 
NCfj 



]DR 
]NC 
]NC 
]NC 
]CL 
]M/S 
]NC 
]NC 
]NC 
]VCC 
]SHL 



JDS2 
]NC 
]NC 
]NC 



MMffl l«llfll«||8||fll«l 

> > ^ u | c g^^| 

(Top View) 



Ordering Information 



Type No. 



Package 



HD44103CH 



60-pin plastic QFP(FP-60) 
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V1V2V3V4 Y , Vo 20 output terminal 

A1 A2 A18 A19 A20 



VSUB 



Vcc 
GND 
Vee 



DL 



SHL 



Liquid crystal display 
driver circuits 



±4 



1 


2 




Bidirectional shift 


18 


19 


20 




register 



Oscillator 



R CR C 
Rf Cf 



Timing generation circuit 



•DR 



H Logic j 



CL 

• FRM 



DS2 

M/S Fs DSi DS3 (j)1 <t>2 



HD44103 



Absolute Maximum Ratings 



Item 


Symbol 


Rated Value 




Unit Note 




Supply voltage (1) 




-0.3 to +7.0 




V 1 




Supply voltage (2) 


v EE 


V cc -13.5toV cc + 0.3 


V 4 




Terminal voltage (1) 


v T1 


-0.3 to V cc + 0.3 




V 1,2 




Terminal voltage (2) 


v T2 


V EE -0.3toV cc + 0.3 




V 3 




Operating temperature 




-20 to +75 




°C 




Storage temperature 




-55 to +125 




°C 




Notes: 1. Referenced to GND = 0. 

2. Applied to input terminals (except V1 , V2, V5 f and V6) and I/O common terminals. 

3. Applied to terminals V1 , V2, V5, and V6. 

4. Connect a protection resistor of 220 Q ± 5% to V EE power supply in series. 




Electrical Characteristics 












(V cc = +5 V ±1 0%, GND = V, V 6E = to -5.5 V, Ta = 


-20 to +75 °C) (Note5 > 




Item 


Symbol 


Min Typ Max 


Unit Test condition 


Note 


Input high voltage 


v,„ 


0.7xV cc - V cc 


V 




6 


Input low voltage 


V 1U 


- 0.3xV cc V 




6 


Output high voltage 




V cc -0.4 - - 


V 


I oh = -400liA 


7 


Output low voltage 


Vol 


- 0.4 


V 


I ol = +400liA 


7 


Vi-Xj on resistance 


R ON 


- 500 




V eeSS -5±10%, 
Load current ±150 jiA 




Input leakage current (1) 


'lL1 


-1 - 1 


HA 


V IN = V cc toGND 


8 


Input leakage current (2) 


'« 


-2 - 2 


HA 


V = V toV 


9 


Shift frequency 


^SFT 


- 50 


kHz 


In slave mode 


10 


Oscillation frequency 


fosc 


300 430 560 


kHz 


R f = 68kn±2% 
C f = 10pF±5% 


11 


External clock operating 


f 

CP 


50 - 560 


kHz 






frequency 












External clock duty 


Duty 


45 50 55 


% 




12 


External clock rise time 




- 50 


ns 




12 


External clock fall time 


<* 


- 50 


ns 




12 


Dissipation power (master) 




- 4.4 


mW 


CR oscillation = 430 kHz 13 


Dissipation power (slave) 




- 1.1 


mW 


Frame frequency = 70 Hz 14 
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Notes: 5. Specified within this range unless otherwise noted. 

6. Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR, and DL 

7. Applied to DL, DR, M, FRM, CL, <|>1 and <|>2. 

8. Applied to input terminals CR, FS, DS1 to DS3, SHL and M/S, and I/O common terminals 
DL, DR, M, and CL at high impedance. 

9. Applied to V1 , V2, V5, and V6. 
10. Shift operation timing 



DL/DR 



CL 



».7vccW sy 
A 



0.7VCC 
0.3VCC] 



' tsU | t H 

*/ \ r — \ 



Min Typ Max Unit 





5 








t H 


5 








tr 






100 


ns 


t, 






100 


ns 



1 1 . Relationship between oscillation frequency and R/C f 



CR Oscillator 



Rf| CfJ~ 

J 



R 
C 

CR 



The values of R f and C f are typical values. 
The oscillation frequency varies with the mounting 
condition. Adjust oscillation frequency to the 
required value. 




(kHz) 100 

50 100 150 (kQ) 
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12. 




Open — c 
Open — r 
External Clock — — CR 



1 3. Measured by V cc terminal at output non-load of R f = 68 kft ± 2% and C f = 1 0pF ± 5%, 1/ 
32 duty factor in the master mode. Input terminals must be fixed at V cc or GND while 
measuring. 

1 4. Measured by V cc terminal at output non-load, 1/32 duty factor, frame frequency of 70 Hz 
in the slave mode. Input terminals must be fixed at V cc or GND while measuring. 



Pin Description 
Pin 

Pin Name Number I/O Function 



X1-X20 20 O Liquid crystal display driver output. 

Relationship am ong output le vel. M, and data (D) in shift register: 
M J 1 I I 



Output 
level 



CR, R, C 3 Oscillator Rf Cf 



CR C I CR oscillator 



M 1 I/O Signal for converting liquid crystal display driver signal into AC. 

Master: Output terminal 
Slave: Input terminal 
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Pin Name 


Pin 

r III 

Number 


I/O 


Function 


CL 


1 


I/O 


Shift register shift clock. 
Master: Output terminal 
Slave: Input terminal 


FRM 


1 





Frame signal, Display synchronous signal. 


DS1-DS3 


3 


I 


Display duty ratio select. 



Display 

Duty Ratio 1/24 1/12 X 



1/32 1/16 1/8 



DS1 


L 


H 


L 


H 


L 


H 


L 


H 


DS2 


L 


L 


H 


H 


L 


L 


H 


H 


DS3 


L 


L 


L 


L 


H 


H 


H 


H 



FS 



Frequency select. 

The relationship between the frame frequency f FI 
oscillation frequency f™ is as follows: 



. and the 



FS = High: 
FS = Low: 

Example (1) 



Example (2) 



. = 6144xf F . 
: = 3072xf„ 



(D 
(2) 



When FS = high, adjust Rf and Cf so that the 

oscillation frequency is approx. 

430 kHz if the frame frequency is 70 Hz. 

When FS = low, adjust Rf and Cf so that the 
oscillation is approx. 215 kHz, in order to obtain the 
same display waveforms as example 1 . When 
compared with example 1 , the power dissipation is 
reduced because of operation at lower frequency. 
However, the operating clocks (J>1 and $2 supplied to 
the column driver have lower frequencies. Therefore, 
the access time of the column driver HD44102CH 
becomes longer. 



DL, DR 



I/O Data I/O terminals of bidirectional shift register. 



SHL 



I Shift direction select of bidirectional shift register. 
SHL Shift Direction 



H 



DL->DR 
DL <- DR 
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Pin 

Pin Name Number 1/0 Function 

M/S 1 I Master/slave select. 

M/S = High: Master mode 

The oscillator and timing generation circuit supply display 
timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is placed in the output state. 

M/S - Low: Slave mode 

The timing generation circuit stops operating. The oscillator is 

not required. Connect terminal CR to V cc . 

Open terminals C and R. One (determined by SHL) of DL and 

DR, and terminals M and CI are placed in the input state. 

Connect M, CL and one of DL and DR of the master to the 

respective terminals. 

Connect FD, DS1 , DS2, and DS3 to V cc . 

When display duty ratio is 1/8, 1/12, or 1/16, one HD44103CH is 
required. Use it in the master mode. 

When display duty ratio is 1/24 or 1/32, two HD44103CHs are 
required. Use the one in the master mode to drive common signals 1 
to 20, and the other in the slave mode to drive common signals 21 to 
24 (32). 



♦1,*2 


2 


Operating clock output terminals for HD441 02CH. 

The frequencies of <|>1 and <|>2 become half of oscillation frequency. 


V1,V2, 


4 


Liquid crystal display driver level power supply. 


V5, V6 




V1 and V2: Selected level 
V5andV6: Non-selected level 


V cc 
GND 


3 


Power supply. 

V cc -GND:Power supply for internal logic 
V CC -V EE : Power supply for driver circuit logic 
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Block Functions 

Oscillator 

The oscillator is a CR oscillator attached to an 
oscillation resistor Rf ans osckllation capacity Cf. 
The oscillation frequency varies with the values of Rf 
and Cf and the mounting conditions. Refer to Electrical 
Characteristics (Note 1 0) to make proper adjustment. 

Timing Genaration Circuit 

The timing generation circuit divides the signals from 
the oscillator and generates display timing signals (M, 
CL, and FRM) and operating clock (<|>1 and <|>2) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block stops 
operating. It is meaningless to set FS, DS1 to DS3. 
However, connect them to to prevent floating 
current. 



Bidirectional Shift Register 

20-bit bidirectional shift register. The shift direction 
is determined by SHL. The data input from DL or DR 
performs a shift operation at the rise of shift clock CL. 

Liquid Crystal Display Driver Circuit 

Each of 20 driver circuits is a multiplex circuit 
composed of four CMOS switches. The combination 
of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels V 1 , 
V2, V5, and V6 to be transferred to the output terminals. 



Applications 

Refer to the applications of the HD44102CH. 
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(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD44105H is a common signal driver for 
LCD dot matrix graphic display systems. It 
generates the timing signals required for display 
with its internal oscillator and supplies them to the 
column driver (HD44102H) to control display, also 
automatically scanning the common signals of the 
liquid crystal according to the display duty cycle. 
It can select 7 types of display duty cycle 1/8, 1/12, 
1/16, 1/24,1/32, 1/48, and 1/64. It provides 32 
driver output lines and the impedance is low (1 kQ 
max) enough to drive a large screen. 



Features 

Dot matrix graphic display common driver 
including the timing generation circuit 

• Internal oscillator (Oscillation frequency is 
selectable by attaching an oscillation resistor 
and an oscillation capacitor) 

Generates display timing signals 

• 32-bit bidirectional shift register for generating 
common signals 

32 liquid crystal driver circuits with low 
impedance 

• Selectable display duty ratio: 1/8, 1/12, 1/16, 
1/24, 1/32, 1/48, 1/64 

• Low power dissipation 

• Power supplies: Vcc = +5 V ± 10% 

V EE = 0to-5.5 V 

• CMOS process 
Ordering Information 



Type No. Package 

HD441 05H 60-pin plastic QFP(FP-60) 
HD44105D Chip 



Absolute Maximum Rating (Ta =25°C) 



Item 


Symbol 


Ratings 


Unit 


Note 


Supply voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


1 


Supply voltage (2) 


Vee 


Vcc -13.5 to V CC +0.3 


V 




Terminal voltage (1) 


Vn 


-0.3 to V cc + - 3 


V 


1.2 


Terminal voltage (2) 


V T2 


Vee -0-3 to Vcc +0-3 


V 


3 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to +125 


°c 





Notes: 1. Referred to GND - V. 

2. Applied to input terminals (except for V1, V2, V5, and V6) and I/O common terminals. 

3. Applied to terminals V1 , V2, V5, and V6. Connect a protection resistor of 47 Q ± 1 0% to each 
terminal in series. 
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Pin Arrangement 



O t- CM 

CO CJ> T— T- T— 

HF1RHH 



CO ^ Ifl (O N 00 

X X X X X X 



8 IIS IIS to 1 1 in 11 18 1 



X7 

X6 

X5 

X4 

X3 

X2 

X1 

DL 

GND 

FS1 

FS2 

DS1 

DS2 

DS3 

O 

R 

OR 
STB 



EE 
EE 
IT 



X 
CO 



CM — « 



S|lal 

LL. 



o 



O J cc o 
z o o z 



54] X19 
S3] X20 
52] X21 
5l1 X22 
50] X23 
49] X24 
48] X25 
47] X26 
46] X27 
4S] X28 
44] X29 
43] X30 
42] X31 
4?1 X32 
40l V6 
39] V5 
38] V2 
37] V1 
36] VEE 



(Top View) 



Note: NCs show unused terminals. 
Donl connect any lines to 
them in using this LSI. 
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v C c- 

GND- 

v E e- 



DL- 



SHL- 



V1V2V5V6 



32 output terminals 
X1 X2 X30 X31 X32 



fcfc 



■Logi< 



Oscillator 



STB "l °< 



H-4 







Liquid crystal display 
driver circuits 









Bidirectional shift 
register 



30 



31 



32 



Timing generation circuit 



DS 2 

M/S FS1 FS2 DS-j DS 3 <|)1 $2 



Logic 



►CL 
►FRM 
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Electrical Characteristics (Note 4) 

(V C c = +5 V ± 10%, GND = V, V E e = to -5.5 V, Ta = -20 to +75°C) 



Item 


Symbol Mln 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V| H 


0.7xVcc 


— 


Vcc 


V 




5 


Input low voltage 


V|L 





— 


0.3 X Vcc 


V 




5 


Output high voltage 


Vqh 


Vcc-0.4 


— 




V 


Iqh * -400 uA 


6 


Outout low voltaae 


Vol 


— 




0.4 


v 


Iol ■ 400 uA 


6 


Vi-Xj On resistance 


"ON 




— 


1000 


Q 


V EE «-5V±10%, 
Load current 
±15 uA 




Input leakage current (1 ) 


I.L1 


-1 


— 


1 


uA 


ViN-VcctoGND 


7 


Input leakage current (2) 


'lL2 


-5 


— 


5 


uA 


ViN-VcctoVEE 


8 


Shift frequency 


F SFT 






50 


kHz 


In slave mode 


9 


Oscillation frequency 


f OSC 


300 


430 


560 


kHz 


Rf «68kft±2%, 
Cf«10pF±5% 


10 


External clock operating 
frequency 


fcp 


50 




560 


kHz 




11 


External clock duty cycle 


Duty 


45 


50 


55 


% 




11 


External clock rise time 


trcp 






50 


ns 




11 


External cbck fall time 


tfCP 






50 


ns 




11 


Dissipation power 
(Master) 


Pwi 






4.4 


mW 


CR oscillation, 
430 kHz 


12 


Dissipation power 
(Slave) 


P W2 






1.1 


mW 


Frame 70 kHz 


13 



Notes: 4. Specified within this range unless otherwise noted. 

5. Applied to CR, FS1 , FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL, 

6. Applied to DL, DR, M, FRM, CL, <t>1 , and $2. 

7. Applied to input terminals CR, FS1 , FS2, DS1 to DS3, SHL, M/S, 
terminals DL, DR, M, and CL at high impedance. 

8. Applied to V1 , V2, V5, and V6. 

9. Shift operation timing. 



and STB. 

and STB and I/O common 



DL DR 




CL 



0.7Vcc 
0.3Vcc 





Min 


Typ Max 


Unit 


tsu 


5 




ps 


tH 


5 




MS 


tr 




100 


ns 


tf 




100 


ns 



tr 
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Notes: 1 0. Relation between oscillation frequency and Rf, Cf. 



Connection 




The values of Rf and Cf are typical 
values. The oscillation frequency 
varies with the mounting condition. 
Adjust oscillation frequency to a 
required value. 





open — C 
open — R 
External clock CR 



1 2. Measured by Vcc terminal at output non-load of Rf - 68 kQ ± 2% and Cf - 1 pF ± 5%, and 1/32 
duty cycle in the master mode. 

Input terminals are connected to Vcc or GND. 

1 3. Measured by Vcc terminal at output non-toad, 1/32 duty cycle, and frame frequency of 70 Hz 
in the slave mode. 

Input terminals are connected to Vcc or GND. 
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Pin Description 

Pin Name Pin Number I/O Function 



X1-X32 



32 



Liquid crystal display driver output. 

Relation among output level, M, and data (D) in shift register. 



M J 

D J 

Output level V2 ^ 



1 



~ L 



J~t-l 



V6 



1 
V1 



V5 



CR, R,C 



Oscillator. 



Rf Cf 

rrn 



R CR C 



CR Oscillator 



M 


1 


I/O 


Signal for converting liquid crystal display driver signal into AC. 

Master: Output terminal 
Slave: Input terminal 


a 


1 


I/O 


Shift register shift clock. 

Master: Output terminal 
Slave: Input terminal 


FRM 


1 





Frame signal, Display synchronous signal. 


DS1-DS3 


3 


I 


Display duty ratio select. 



Display Duty 



Ratio 


1/8 


1/16 


1/32 


1/64 




1/12 


1/24 


1/48 


DS1 


L 


L 


H 


H 


L 


L 


H 


H 


DS2 


L 


H 


L 


H 


L 


H 


L 


H 


DS3 


L 


L 


L 


L 


H 


H 


H 


H 



FS1-FS2 2 



Selects frequency. 

The relation between the frame frequency fFRM and the oscillation 
frequency fosc is as follows: 



FS1 


FS2 


fosc(kHz) 


fFRM(Hz) 


fM(Hz) 


fcp(kHz) 


L 


L 


107.5 


70 


35 


53.8 


H 


L 


107.5 


70 


35 


53.8 


L 


H 


215.0 


70 


35 


107.5 


H 


H 


430.0 


70 


35 


215.0 



fosc: Oscillation frequency 

fFRM: Frame frequency 

fM: M signal frequency 

fcp: Frequencies of $1 and $2 
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Pin Description (cont) 



Pin Name 


Pin Number 


I/O 


Function 


STB 


1 


I 


Input terminal for testing. 
Connect this terminal to Vcc. 


DL.DR 


2 


I/O 


Data I/O terminals of bidirectional shift register. 


SHL 


1 


i 


Selects shift direction of bidirectional shift register. 
SHL Shift Direction 

H DL-+DR 

L DL«-DR 


M/S 


1 


I 


Selects Master/Slave. 



M/S « High: Master mode 
The oscillator and timing generation circuit operate to supply 
display timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is in the output state. 

M/S » Low: Slave mode 

The timing generation circuit stop operating. The oscillator is not 
required. Connect terminal CR to Vcc. Open terminals C and R. 
One (determined by SHL) of DL and DR, and terminals M and CL 
are in the input state. Connect M, CL and one of DL and DR of the 
master to the respective terminals. Connect FS1, FS2, DS1, DS2, 
DS3, STB to Vcc When display duty ratio is 1/8, 1/12, 1/16, 1/24, 
1/32, one HD44105H is required. Use it in the master mode. When 
display duty ratio is 1/48, 1/64, two HD44105Hs are required. Use 
one in the master mode to drive common signals 1 to 32, and 



another in the slave mode to drive common signals 33 to 48(64). 



<M,4>2 


2 


O Operating clock output terminals for HD441 02CH. The frequencies of 
<t>1 and <f>2 are half of oscillation frequency. 


V1.V2, 
V5, V6 


4 


Liquid crystal display driver level power supply. 

V1 and V2: Selected level 
V5 and V6: Non-selected level 


VcoGND 
Vee 


3 


Power supply. 

Vcc - GND: Power supply for internal logic 
Vcc - VEE: Power supply for driver circuit logic 
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Block Functions 
Oscillator 

A CR oscillator attached to an oscillation resistor 
Rf and an oscillation capacitor Cf. The oscillation 
frequency v aries with the values of Rf and Cf and 
the mounting conditions. Refer to electrical 
characteristics (note 10) to make proper adjustment. 

Timing Generation Circuit 

This circuit divides the signals from the oscillator 
and generates display timing signals (M, CL, and 
FRM) and operating clock (<j>l and <|>2) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block 
stops operating. It is meaningless to set FS1, FS2 
and DS1 to DS3. However, connect them to Vcc 
to prevent floating current. 



Bidirectional Shift Register 

A 32-bit bidirectional shift register. The shift 
direction is determined by the SHL. The data input 
from DL or DR performs a shift operation at the 
rise of shift clock CL. 

Liquid Crystal Display Driver Circuit 

Each of 32 driver circuits is a multiplex circuit 
composed of four CMOS switches. The 
combination of the data from the shift register with 
the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5, and V6 to be 
transferred to the output terminals. 
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HD61102 

(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

HD61102 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro-controller in internal display RAM and 
generates dot matrix liquid crystal driving signals. 

Each data bit of display RAM corresponds to the 
on/off state of a dot of the liquid crystal display. 

As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
displays with many dots. 

The HD61102, which is produced by the CMOS 
process, can complete a portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's low 
power dissipation. 

Moreover it can facilitate dot matrix liquid crystal 
graphic display system configuration in 
combination with the row (common) driver 
HD61103A. 



Features 

• Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 
RAM data direct display by internal display 
RAM 

RAM bit data 1: On 
RAM bit data 0: Off 
Internal display RAM address counter: 
Preset, increment 

• Display RAM capacity: 5 12 bytes (4096 bits) 

• 8-bit parallel interface 

• Internal liquid crystal display driver circuit: 64 

• Display duty: 

Combination of frame control signal and 
data latch synchronization signal make it 
possible to select static or optional duty 
cycle 

Wide range of instruction function: 

Display Data Read/Write, Display On/Off, 
Set Address, Set Display Start Line, 
Read Status 

• Lower power dissipation: during display 2mW 
max 

• Power supply: V C c: +5 V ± 10% 

V EE : V to -10 V 

• Liquid crystal display driving level: 15.5 V 
max 

• CMOS process 



Ordering Information 

Type No. Package 

HD61 102RH 1 00-pin plastic QFP(FP-1 00) 
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Pin Arrangement 



5 

cc 



r- CM j ^ 



1- 










8 



CMCO N (D Ifl 5 CO CM 

C/)(/)O>OC0flQCDmCDCD 
OOZOZOOOOOO 



ADC 
M 

Vcc 
V4R 
V3R 
V2R 
V1R 

V EE 2 

Y64 

Y63 

Y62 

Y61 

Y60 

Y59 

Y58 

Y57 

Y56 

Y55 

Y54 

Y53 

Y52 

Y51 

Y50 

Y49 

Y48 

Y47 

Y46 

Y46 

Y44 

Y43 



JDB1 

]DB0 

]GND 

]V4L 

]V3L 

]V2L 

]V1L 

]V E E1 

]Y1 
]Y2 
]Y3 
]Y4 
]Y5 
]Y6 
]Y7 
]Y8 
]Y9 
]Y10 
]Y11 
]Y12 
]Y13 
]Y14 
]Y15 
]Y16 
]Y17 
]Y18 
]Y19 
]Y20 
]Y21 
Y22 



SISISiaiSISieiSlilBIEIEISIEilEISIHISISIE 



Wr-QO)COSCOU)^OCMT-00»CON(OW^(0 
^^^COpppppppppCNJCNJCMCNCMCMCNJ 
>>->>■>->">>->->->•>->->->">->■>->■>- 



(Top view) 
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Absolute Maximum Ratings 








Item 


Symbol 


vaiue 


Unit 

unit 


Nnto 


Supply voltage 


V CC 




w 

V 


O 

c 




Vee 


V™— 1 6 5 to Wv*. + 03 


w 

V 


o 


Terminal voltage (1) 


Vti 


Vee -0.3to Vcc + 0.3 


v 


4 


Terminal voltage (2) 


v T2 


-0.3toV cc + 0.3 


V 


2,5 


Operating temperature 


Topr 


-20 to +75 


°C 




Storage temperature 


Tstg 


-55 to +125 


°C 





Notes: 1 . LSIs may be destroyed if they are used beyond the absolute maximum ratings. 

In ordinary operation, it is desirable to use them within the recommended operating conditions. 
Use beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referenced to GND « V. 

3. Apply the same supply voltage to VgEi and Vee2- 

4. Applies to V1 L, V2L, V3L, V4L, V1 R, V2R, V3R, and V4R. 

Maintain 

V CC >V1L« V1R ;> V3L - V3R ^ V4L -V4R>V2L - V2R £ Vee 

5. Applies to M, FRM, CL, RST, ADC, <j>1 , <>2, CS1 , CS2, CS3, E, R/W, D/l, ADC, and DB0-DB7. 
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Electrical Characteristics 

(GND = V, V C c = 4.5 to 5.5 V, V E e = to -10V, Ta = -20 to +75°C) 



Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V|HC 


0.7 x Vrr 




Vcc 


V 




1 




V|HT 


2.0 


— 


Vcc 


V 




2 


Input low voltage 


V|LC 







0.3 x Vcc 


V 




1 




V|LT 







0.8 


V 




2 


Output high voltage 


VOH 


2.4 


— 


— 


V 


IOH--205uA 


3 


Output low voltage 


Vol 


— 


— 


0.4 


V 


IOL-1.6 mA 


3 


Input leakage current 


IlL 


-1.0 




+1.0 


uA 


Vin-GND-Vcc 


4 


High impedance off 
input current 


'tsl 


-5.0 




+5.0 


uA 


Vin - GND-Vcc 


5 


Liquid crystal supply 
leakage current 


Ilsl 


-2.0 




+2.0 


uA 


Vin«V EE -Vcc 


6 


Driver on resistance 


Ron 






7.5 


Ktt 


Vcc- V EE .15V 
i'LOAD- ^ mA 


7 


Dissipation current 


'CC(1) 






100 


uA 


During display 


8 




'CC(2) 






500 


uA 


During Access 


8 



access cycle - 
1 MHz 



Applies to M, FRM, CL, RST, ADC, <j>1 , and <|>2. 

Applies to CS1, CS2, CS3, E, R/W, D/l, and DB0-DB7. 

Applies to DB0-DB7. 

Applies to terminals except for DB0-DB7. 

Applies to DB0-DB7 at high impedance. 

Applies to V1 L-V4L and V1 R-V4R. 

Applies to Y1-Y64. 

Specified when liquid crystal display is in 1/64 duty. 

Operation frequency: fcLK - 250 kHz (<j>1 and $2 frequency) 

Frame frequency: f^ » 70 Hz (FRM frequency) 

Specified in the state of 

Output terminal: Not loaded 

Input level: Vih - Vcc (V) 
V| L «GND(V) 
Measured at Vcc terminal 



Notes: 1 . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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Interface AC Characteristics 
MPU Interface 



(GND = V, V CC 


= 4.5 to 5.5 V, V EE = 


to -10 V, 


Ta = - 


20 to +75°C) 




Item 


Symbol 


Min 


Tun 
i yp 


Max 


Unit 


Note 


c i#yoi& unio 


tcYC 


1000 






lid 


1 p 


C illy II iBVol Wiuill 


PWEH 


450 






119 


1 p 


F Inuif loval uiirlth 


P WEL 


450 






ns 


1 2 


C llOO lllllO 


tr 






P5 


ne 

lid 


1 P 


E fall time 


tf 






25 


ns 


1. 2 


Address setup time 


tAS 


140 






ns 


1,2 


Address hold time 


tAH 


10 






ns 


1,2 


Data setup time 


tDSW 


200 






ns 


1 


Data delay time 


feDR 






320 


ns 


2,3 


Data hold time (Write) 


tDHW 


10 






ns 


1 


Data hold time (Read) 




20 






ns 


2 



Notes: 1 . 



u tcYC * 



R/W 

CS1-CS3 
D/l 

DB0-DB7 



^^tAS^ 
0.8 V \ 

DC 



2.0 
0.8 



2.0 Vi r 
0.8 V 1^ 



tf 
tAH- 



-tDSW- 



r 



J AH 



tDHW 



Figure 1 CPU Write Timing 
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1 



R/W 



CS1-CS3 
D/l 

DB0-DB7 



-Pwel- 



tcYC- 



2.0 V 
0.8 V] 



2.0 V^ 



*-tAS- 



-PWEH- 



tAH- 
tAH- 



— toDR ► 

2.4 V 



0.4 V 



1 



Figure 2 CPU Read Timing 



*DHR 



r 



3. DB0-DB7: load circuit 



Test 



point 




RL-2.4kQ 
R -11 kfl 

C - 1 30 pF (including jig capacitance) 
Diodes D1 to D4 are all IS2074 ® . 
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Clock Timing 

(GND = V, V C c = 4.5 to 5.5 V, V EE = to -10V, Ta = -20 to +75°C) 

Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


41 , 42 cycle time 


tcyc 


2.5 


— 


20 


V* 


Fig. 3 


41 low level width 


*WL41 


625 


— 


— 


ns 


Fig. 3 


42 low level width 


tWL42 


625 






ns 


Fig. 3 


41 high level width 


tWH41 


1875 






ns 


Fig. 3 


42 high level width 


*WH42 


1875 






ns 


Fig. 3 


41-42 phase difference 


*D12 


625 






ns 


Fig. 3 


42-41 phase difference 


*D21 


625 






ns 


Fig. 3 


41, 42 rise time 


tr 






150 


ns 


Fig. 3 


41 , 42 fall time 


tf 






150 


ns 


Fig. 3 




Figure 3 External Clock Waveform 
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Display Control Timing 

(GND = V, V CC = 4.5 to 5.5 V, V EE = to -10V, Ta = -20 to +75°C) 



Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


FRM delay time 


tDFRM 


-2 




42 




Fig. 4 


M delay time 


*DM 


-2 




+2 


[LS 


Fig. 4 


CL low level width 


twLCL 


35 






\LS 


Fig. 4 


CL high level width 


twHCL 


35 








Fig. 4 



CL 



FRM 



tDFRMK* 

0.7Vcc / 
03Vcc/ 



M 



tDFRM 



tDM 



1 



0.7Vcc 
0.3Vcc 



Figure 4 Display Control Signal Waveform 
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Interface control 



CS1.CS2, CS3- 
R/W - 
D/l 
E 

DB0-DB7- 
DY 



O" 
c 

3 s 



it 



<D O 



II 



— 03 
<Q in 



XY address counter 



Display data RAM 



4096 bit 



3l 



Z address counter 



Display start 
line register 



Display 
ON/OFF 



a 



Q. 

o 
=r 



62 



63 



64 



64^> 



-V1L 
-V2L 
-V3L 
-V4L 



i! 



62 



63 



64 



*Y1 
*Y2 
-Y3 



*Y62 
*Y63 
►Y64 



-V1R 
- V2R 
■ V3R 
•V4R 



Q Q Til 
^ -* 3 
SI 



3 ° 

7J r- 
2 
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Terminal Functions 

Terminal Number of Connected 

Name Terminals I/O to Functions 



Vqc 2 Power Power supply for internal logic. 



GND supply 



CS3 



Recommended voltage is 

GND-OV 
Vcc« + 5V±10% 



Veei 2 Power Power supply for liquid crystal display drive circuit. 

^ EE2 supply Recommended power supply voltage is Vqc -15 to GND. 

Connect the same power supply to V^ei and V EE2 . 

v eei and Vee2 arG not connected to each other in the LSI. 
V1 L, V1 R 8 Power Power supply for liquid crystal display drive. 

w^I" woo supply Ap p, v the V0 | tage specified for the liquid crystals within the 

V4L V4R limit of V EE through V CC . 

VIL (V1 R), V2L (V2R): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 

Power supplies connected with V1L and V1 R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 

CST 3 I MPU Chip selection. 

CS2 



Data can be input or output when the terminals are in the 
following conditions: 

Terminal name CS1 CS2 CS3 

Condition L L H 



MPU Enable 



At write(R/W « low): Data of DBO to DB7 is latched 

at the fall of E. 
At read(R/W = high): Data appears at DBO to DB7 

while E is high. 



R/W 1 I MPU Read/Write. 



R/W - High: Data appears at DBO to DB7 andean be 
read by the CPU when E * high, CS1 , CS2 
- low and CS3 * high. 

R/W - Low: DBO to DB 7 accepted at fall of E when 
CS1, bw and CS3 - high. 



D/l 1 I MPU Data/Instruction. 



D/l - High: Indicates that the data of DBO to DB7 is 
display data. 

D/l = Low: Indicates that the data of DBO to DB7 is 
display control data. 



ADC 1 I Vcc*3ND Address control signal determine the relation between Y 

address of display RAM and terminals from which the data is 
output. 

ADC -High: Y1-$0, Y64-$63 
ADC - Low: Y64-$0, Y1-$63 
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Terminal Functions (cont) 



Terminal 
Name 


Number of 
Terminals 


I/O 


Connected 
to 


Functions 


DB0-DB7 


8 


I/O 


MPU 


Data bus, three-state I/O common terminal. 


M 


1 




HD61103A 


Switch signal to convert liquid crystal drive waveform into 
AC. 


FRM 


1 


I 


HD61103A 


Display synchronous signal (frame signal). Presets the 6-bit 
display line counter and synchronizes a common signal with 
the frame timing when the FRM signal becomes high. 


a 


1 


I 


HD61103A 


Synchronous signal to latch display data. The rising edge of 
the CL signal increments the display output address 
counter and latches the display data. 


4>1,4>2 


1 




HD61103A 


2-phase clock signal for internal operation. The $1 and <j>2 
clocks are used to perform operations (I/O of display data 
and execution of instructions) other than display. 


Y1-Y64 


64 





Liquid 

crystal 

display 


Liquid crystal display column (segment) drive output. 

These pins output light on level when 1 is in the display 
RAM, and light off level when is in it. 

Relation among output level, M, and display data (D) is as 
follows: 

M 1110 1 

Output L V1 JV3] V2| V4j 
level P T T T T 




1 


I 


CPU or 

external 

CR 


The following registers can be initialized by setting the RST 
signal to low level: 

1 . On/off register set to (display off) 

2. Display start line register set to line (displays 
from line 0) 

After releasing reset, this condition can be changed only by 
instruction. 


DY 


1 





Open 


Output terminal for test. Normally, dont connect any lines 
to this terminal. 


NC 


2 




Open 


Unused terminals. Don't connect any lines to these 
terminals. 


Note: 1 corresponds to high level in positive logic. 
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Function of Each Block 
Interface Control 

1. I/O buffer 

Data is transferred through 8 data buses (DB0-DB7). 
DB7: MSB (most significant bit) 
DBO: LSB (least significant bit) 
Data can neither be input nor output unless C S1 to 
CS3 are in the active mode. Therefore, when CS1 
to CS3 are not in active mode it is usele ss to 
switch the signals of input terminals except RST 
and ADC, that is namely, the internal state is 
maintained an d no i nstruction excutes. Besides, pay 
attention to R ST a nd ADC which operate 
irrespectively by CST to CS3. 

2. Register 

Both input register and output register are provided 
to interface to MPU whose the speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals. 

a. Input Register 

The input register is used to store data 
temporarily before writing it into display data 
RAM. The data from MPU is written into input 
register, then into display data RAM 
automatically by internal operation. 



When CS1 to CS3 are in the active mode and 
D/I and R/W select the input register as shown 
in table 1, data is latched at the fall of E signal. 

b. Output Register 

The output register is used to store data 
temporarily that is read from display data RAM. 
To r ead out the data from the output register, 
CS1 to CS3 should be in the active mode and 
both D/I and R/W should be 1. The read display 
data instruction outputs data stored in the output 
register while £ is high. Then, at the fall of E, 
the display data at the indicated address is latched 
into the output register and the address is 
increased by 1. The contents in the output 
register is rewritten with READ instruction, 
while is held with address set instruction, etc. 

Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one 
dummy read is necessary. Figure 5 shows the 
CPU read timing. 



Table 1 Register Selection 



D/I 


R/W 


Operation 


1 


1 


Reads data out of output register as internal operation (display data RAM -* 
output register). 


1 





Writes data into input register as internal operation (input register -* display 
data RAM). 





1 


Busy check. Read of status data. 








Instruction. 
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J 



CM 
+ 
Z 



to 

CO 

to 
Q 



2 s 

co 2 - 

to^ + 

Q 03 Z 



+ 
z 



® CO "O , 

cc -o co : 



"8 

to 

CO 



CD "5 



^1 

CO o 



CD 2 



si 

co o 



ULI J2 CD 

52 »- Q 

§ 



Figure 5 CPU Read Timing 

Busy Flag 

Busy flag = 1 indicates that HD61102 is operating read out on DB7 by the Status Read instruction, 

and no instructions except status read can be Make sure that the busy flag is reset (0) before 

accepted (figure 6). The value of the busy flag is issuing an instruction. 
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■ 




E 




Busy 












flag 






i» TBusy * 








1/fdK^T Busy £3/f C LK 


f CLK is 01,02 frequency 





Figure 6 Busy Flag 



Display On/Off Flip/Flop 

The display On/off flip/flop selects one of two 
states, on state and off state of segments Yl to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It i s con trolled by the display on/off 
instruction. RST signal = sets the segments in 
off state. The status of the flip/flop is output to 
DB5 by the status read instruction. The display 
on/off instruction does not influence data in RAM. 
To control display data latch by this flip/flop, CI 
signal (display synchronous signal) should be input 
correctly. 



X, Y Address Counter 

A 9-bit counter that designates addresses of internal 
display data RAM. X address counter (upper 3 bits) 
and Y address counter (lower 6 bits) should be set 
by the respective instructions. 



1. X address counter 

Ordinary register with no count functions, 
address is set by instruction. 



An 



2. Y address counter 

An address is set by instruction and it is increased 
by 1 automatically by display data R/W operations. 
The Y address counter loops the values of to 63 
to count. 



Display Start Line Register 

The register specifies a line in RAM that 
corresponds to the top line of the LCD panel, when 
displaying contents in display data RAM on the 
LCD panel. It is used for scrolling the screen. 

6-bit display start line information is written into 
this register by the display start line set instruction, 
with high level of FRM signal signalling the start 
of the display, the information in this register is 
transferred to the Z address counter, which controls 
the display address, and the Z address counter is 
preset 



Display Data RAM 

Dot data for display is stored in this RAM. 1-bit 
data of this RAM corresponds to light on (data =1) 
and light off (data = 0) of 1 dot in the display panel. 
The correspondence between Y addresses of RAM 
and segment PINs can be reversed by ADC signal. 

As the ADC signal controls the Y address counter, 
a reverse of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, always 
connect ADC pin to Vcc or GND when using. 

Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = (display start line = 0, 1/64 duty 
cycle). 
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LCD 

display pattern 



Line 
Line 1 
Line 2 




X«0 



Display 
RAM data 



X-1 



X-7 



Line 62 — 
Line 63 \- 






1 


1 


1 
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COM1 (HD61103AX1) 

COM2 (HD61103AX2) 

COM3 (HD61103AX3) 

COM4 (HD61103AX4) 

COM5 (HD61103AX5) 

COM6 (HD61103AX6) 

COM7 (HD61103AX7) 

COM8 (HD61103AX8) 

COM9 (HD61103AX9) 



COM62 (HD61103AX62) 
COM63 (HD61103AX63) 
COM64 (HD61103AX64) 



HD61102Pin Name 



- DBO(LSB) 

■ DB1 

■ DB2 
-DB3 

■ DB4 
-DB5 

DB6 

- DB7(MSB) 



1 2 3 4 5 



61 62 63 «« H RAM Y Address 



ADC » 1 (Connected to V cc ) 
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LCD 

display pattern 




COM1 (HD61103AX1) 

COM2 (HD61103AX2) 

COM3 (HD61103AX3) 

COM4 (HD61103AX4) 

COM5 (HD61103AX5) 

COM6 (HD61103AX6) 

COM7 (HD61103AX7) 

COM8 (HD61103AX8) 

COM9 (HD61103AX9) 



Line - 
Line 1 • 
Line 2 • 



X«0 



Display 
RAM data 



X-7 



Line 62 
Line 63 



rTTfuTF 



63 62 61 
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1 


1 


1 


1 


1 







1 
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Y1 



i!idEl 



1 2 3 4 5 



T 

616263 



COM62 
COM63 
COM64 



(HD61103AX62) 
(HD61103AX63) 
(HD61103AX64) 



^ HHD61102 Pin Name| 
DBO(LSB) 

— DB1 

— DB2 

— DB3 

— DB4 

— DB5 

— DB6 

— DB7(MSB) 



i i 
i i 
i i 



RAMYAddress~j 



ADC - 1 (Connected to GND) 



Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 

The Z address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At FRM 
high, the contents of the display start line register 
are preset in the Z counter. 

Display Data Latch 

The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit 

Data is latched at the rise of the CL signal. The 
display on/off instruction controls the data in this 
latch and does not influence data in display data 
RAM. 



Liquid Crystal Display Driver Circuit 

The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, VI, V2, V3, and V4 to be output 

Reset 

The system can be initialized by setting RST 
terminal to low when turning power on. 

1. Display off 

2. Set display start line register 
line 

While RST is low level, no instruction except 
status read can be accepted. Therefore, carry out 
other instructions after making sure that DB4 = 
(clear RESET) and DB7 = (ready) by status read 
instruction. 

The conditions of the power supply at initial power 
up are as in table 2. 



Table 2 Power Supply Initial Conditions 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Reset time 


tRST 


1.0 






US 


Rise time 


tr 






200 


ns 



Do not fail to set the system again because RESET during operation may destroy the data in all the 
registers except on/off register and in RAM. 




544 



HITACHI 



HD61102 



Display Control Instructions 
Outline 

Table 3 shows the instructions. Read/write (R/W) 
signal, data/instruction (D/I) signal and data bus 
signals (DBO to DB7) are also called instructions 
because the internal operation depends on the 
signals from MPU. 

These explanations are detailed in the following 
pages. Generally, there are the following three 
kinds of instructions. 

1 . Instruction to set addresses in the internal 
RAM 

2. Instruction to transfer data from/to the 
internal RAM 

3 . Other instructions 



In general use, the second type of instruction are 
used most frequently. Since Y address of the 
internal RAM is increased by 1 automatically after 
writing (reading) data, the program can be 
shortened. During the execution of an instruction, 
the system cannot accept instructions other than the 
status read instruction. Send instructions from 
MPU after making sure that the busy flag is 0, 
which is the proof that an instruction is not being 
excuted. 
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Code 



Instructions 


R/W 


D/l 


DB7 DB6 


DB5 DB4 DB3 DB2 DB1 


DBO 


Functions 


Display on/off 











1 1 111 


1/0 


Controls display on/off. RAM data and internal 
status are not affected. 1 : on, 0: off. 


Display start line 








1 1 


Display start line (0-63) 




Specifies the RAM line displayed at the top of the 
screen. 


Set page (X address) 








1 


1 11 Page (0-7) 




Sets the page (X address) of RAM in the page (X 
address) register. 


Set Y address 








1 


Y address (0-63) 




Sets the Y address in the Y address counter. 


Status read 


1 





Busy 


ON/ RE- 
urr oc 1 





Reads the status. 

RESET 1: Reset 
0: Normal 

ON/OFF 1: Display off 
0: Display on 

Busy 1 : Executing internal operation 
0: Ready 


Write display data 





1 


Write data 






Writes data DBO (LSB) Has access to the 
to DB7 (MSB) on the address of the display 
data bus into display RAM specified in 
RAM. advance. After the 


Read display data 


1 


1 


Read data 






Reads data DBO (LSB) access, Y address is 
to DB7 (MSB) from the 'teased by 
display RAM to the data ' 



bus. 



Note: 1 . Busy time varies with the frequency (fcLK) °f ( t )1 » and 4> 2 - 
(1/ f C LK ^ T BUSY * & f CLK) 
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Detailed Explanation 
1. Display on/off 



R/W 


D/l 


DB7 














- DBO 














1 


1 


1 


1 


1 


D 



«*— high-order bit low-order bit — ♦ 



The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
when D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = into 
D= 1. 

2. Display start line 



R/W D/l DB7 - - DBO 









1 


1 


A 


A 


A 


A 


A 


A 



<«— high-order bit low-order bit — * 



Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed at 
the top of the screen. 

Figure 7 shows examples of display (1/64 duty cycle) when the start line = 0-3. When the display duty 
cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD screen, from the line 
specified by display start line instruction, is displayed. 
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COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 
COM9 



COM60 
COM61 
COM62 
COM63 
COM64 




C0M1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 
COM9 



COM60 
COM61 
COM62 
COM63 
COM64 




Start line = 



Start line » 1 



COM1 
COM2 
COM3 




COM60 
COM61 
COM62 
COM63 
COM64 




COM60 
COM61 
COM62 
COM63 
COM64 



Start line -2 



Start line - 3 



548 



Figure 7 Relation Between Start Line and Display 
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3. Set page (X address) 

R/W D/l DB7 

Code 



DBO 









1 





1 


1 


1 


A 


A 


A 



high-order bit 



low-order bit — * 



X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 8. 

4. Set Y address 



Code 



R/W 


D/l 


DB7 














DBO 











1 


A 


A 


A 


A 


A 


A 



high-order bit 



low-order bit — •> 



Y address AAAA AA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 



Y address 



1 2- 



- 61 62 63 



DBO 




t 


PageO 


DB7 




DBO 




i 


Page 1 


DB7 







X»0 



X-1 



DBO 




i 


Page 6 


DB7 




DBO 




t 


Page 7 


DB7 





X-6 



X-7 



Figure 8 Address Configuration of Display Data RAM 
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5. Status Read 



R/W D/l DB7 



DBO 



1 





Busy 





ON/ 
OFF 


RESET 















Code 



high-order bit 



low-order bit 



Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 

Busy is 1, so you should make sure that Busy is before writing the next instruction. 
ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. 

When ON/OFF is 1, the display is in off condition. 

When ON/OFF is 0, the display is in on condition. 
RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 

except status read can be accepted. 

RESET = shows that initializing has finished and the system is in the usual operation 
condition. 

6. Write Display Data 






1 


D 


D 


D 


D 


D 


D 


D 


D 



Code 



high-order bit 



low-order bit — * 



Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 



7. Read Display Data 

R/W D/l DB7 

Code 



DBO 



1 


1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit - 



Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 



One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61102 

Interface with HD61103A (1/64 duty cycle) 




Rf Cf 



R CR C 



Vcc 

V1L, V1R 
V6L, V6R 
V5L, V5R 
V2L, V2R 

V E E 
GND 



X1 



X64 



HD61103A 



SHL 

DS1 

DS2 

TH 

CL1 

FS 

M/S 

FCS 

STB 



DL 
DR 



M 
CL2 
FRM 
01 
02 



COM1 LCD panel 



COM64 UJ 



3 

UJ 

CO 



■Open 
-Open 



Power supply circuit 







R$V1 


Rli 




HR3V6 


ri; 


V3 


R2 


_^>***-V4 


R1; 


: c rSl R & V5 


R1! 




R3V2 






Vee 



-10 V a- 



Contrast 



Vco— 



M 

CL 

FRM 

01 

02 



ADC 
RST 



HD61102 



Y64 

Vcc 

V1L, V1R 
V2L, V2R 
V3L, V3R 
V4L, V4R 
VEE1.VEE2 
GND 



co oo S3 1; — SmmSSmSm 

lolo OCQ LUQOQQQQQQ 




v cc 

: V1 
: V2 
: V3 
V4 

v EE 



External CR 



J 



CPU 



R3=15Q 
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TJ U LT U 




i i ! 

Selected Non-selected 



-ps^sp H 

The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 



Figure 9 LCD Driver Timing Chart (1/64 duty cycle) 
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Interface with CPU 

1. Example of connection with HD6800 



HD6800 



A15 
t 

A1 
VMA 

AO 

R/W 

02 

DO 
i 

07 
RES 



Decoder 



z> 



vcc- 



i 



C5T 

CS2 
CS3 

D/l 
R/W 



DBO 



DB7 



RST 



HD61102 



Figure 10 Example of Connection with HD6800 Series 

In this decoder (figure 10), addresses of HD61 102 in the address area of HD6800 are: 

Read/write of the display data $FFFF 

Write of display instruction $FFFE 

Read out of status $FFFE 
Therefore, you can control HD61 102 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 



P10 
P11 
P12 
P13 

(KDS) SC1 
(R/W) SC2 



HD6801 



P14 



P30 
P31 



(Date bus) i 

P37 



74LS154 



A 
B 

C 
D 

G1 G2 



YO 

Y , 1 
i 
i 

Y15 



Vcc" 



552 
CS3 



R/W 



D/l 



DBO 

DB1 

i 
i 

DB7 



HD61102 
No. 1 



Figure 11 Example of Connection with HD6801 



Set HD6801 to mode 5. P10 to P14 are used as 
the output port and P30 to P37 as the data bus 
(table 11). 

74LS 154 4-to-16 decoder generates chip select 
signal to make specified HD61 102 active after 
decoding 4 bits of P10 to P13. 
Therefore, after enabling the operation by P10 
to P13 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61102. In this 
case, IOS signal is output from SCI and R/W 
signal from SC2. 

For details of HD6800 and HD6801, refer to 
their manuals. 
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Example of Application 



HD61102 
No. 9 

Y1 «-*-Y64 



< X1 
?| X3 

*~X64 



COM1 , 



COM2. 



COM3 



COM64 



^ X1 

ITS 



X64 



COM65. 



CQMS7, 



COM128. 



HD61102 
No. 10 

Y1 ~Y64 



HD61102 
No. 16 

Y1 ~Y64 



LCD Panel 
128 x 480 dots 



Y1 



• Y64 



HD61102 
No. 1 



Y1 



• Y64 



HD61102 
No. 2 



Y1 



Y64 



HD61102 
No. 8 



Figure 12 Application Example 

Note: In this example (figure 1 2), two HD61 1 03As output the equivalent waveforms. So, stand-alone 
operation is possible. In this case, connect COM1 and COM65 to X1 , COM2 and COM66 to X2, . 
and COM64 and COM128 to X64. However, for the large screen display, it is better to drive in 2 
rows as in this example to guarantee the display quality. 
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HD61103A 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD61103A is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 
and the impedance is low enough to drive a large 
screen. 

As the HD61103A is produced by a CMOS 
process, it is fit for use in portable battery drive 
equipments utilizing the liquid crystal display's low 
power consumption. The user can easily construct a 
dot matrix liquid crystal graphic display system by 
combining the HD61103A and the column 
(segment) driver HD61 102. 



Features 

• Dot matrix liquid crystal graphic display 
common driver with low impedance 

• Low impedance: 1.5 k£l max 

• Internal liquid crystal display driver circuit: 64 
circuits 

Internal dynamic display timing generator 
circuit 

• Selectable display duty ratio factor 1/48, 1/64, 
1/96, 1/128 

• Can be used as a column driver transferring data 
serially 

• Low power dissipation: During display: 5 mW 

• Power supplies: Vcc- +5 V ± 10% 

V EE :0to-11.5 V 

• LCD driver level: 1 7.0 V max 

• CMOS process 

Ordering Information 



Type No. Package 

HD61 1 03A 1 00-pin plastic QFP(FP-1 00) 



Absolute Maximum Ratings 



Item 


Symbol 


Limit 


Unit 


Note 


Power supply voltage (1) 


Vcc 


-0.3 to +7.0 


V 


2 


Power supply voltage (2) 


Vee 


Vcc -19.0 to V C c + 0.3 


V 


5 


Terminal voltage (1) 


Vti 


-0.3 to Vcc + °- 3 


V 


2,3 


Terminal voltage (2) 


V T2 


V EE - 0.3 to V C c + 0.3 


V 


4,5 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to 125 


°c 





Notes: 1 . If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 

2. Based on GND « V. 

3. Applies to input terminals (except V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R) and I/O 
common terminals at high impedance. 

4. Applies to V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R. 

5. Apply the same value of voltages to V1 L and V1 R, V2L and V2R, V5L and V5R, V6L and V6R, 
Vee (23 pin) and Vee (58 pin) respectively. 

Maintain V CC ^ V1L = V1R> V6L = V6R ;> V5L = V5R > V2L = V2R > V EE 
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Pin Arrangement 



n^ifl<oNooo>oi-c\i 

^. - c\l CVJ CO CO CO 



S S n 



CD S CO O) O i- CJ 
_„ CO CO CO CO ^ *<t ^d" 

XXXXXXXXXXXXX 



gjiiliillii^eillllliiiiiii 



X22 

X21 

X20 

X19 

X18 

X17 

X16 

X15 

X14 

X13 

X12 

X11 

X10 

X9 

X8 

X7 

X6 

X5 

X4 

X3 

X2 

X1 

Vee 

V6L 

V5L 

V2L | 

V1L | 

Vcc I 

DL | 

FS I 



JX43 

1X44 

|X45 

|X46 

1X47 

1X48 

1X49 

jX50 

1X51 

|X52 

1X53 

]X54 

]X55 

]X56 

1X57 

1X58 

1X59 

|X60 

|X61 

)X62 

]X63 

]X64 

I Vee 

]V6R 

|V5R 

]V2R 

]V1R 

|TH 

lCL2 

[CL1 



glEISiaiSliieiilSISIBIEIEIEJlEISIBIEIBIS 



t- oj Icq — j Q m 2E co 

co co o occhizogevi^o^ooa: 
ooozcczolcocoOzS a ozllSzllo 



(Top view) 
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Electrical Characteristics 

DC Characteristics (V cc = +5 V ± 10%, GND = V, V EE = to -11.5 V, 
Ta = -20 to +7S°C) 



Specifications 



1 8SI Item 


Symbol 


Alia* 

Mm 


Typ 


max 


unit 


Test conaitions 


Note 


Input high voltage 


V|H 


0.7 x VCC 




Vcc 


V 




1 


Input low voltage 


V.L 


GND 




0.3 x V CC 


V 




1 


Output high voltage 


VOH 


Vcc-0.4 


— 


— 


V 


Ioh ■ -0-4 mA 


2 


Output low voltage 


V OL 






+0.4 


V 


|q| m +U.4 mA 


2 


Vi-Xj on resistance 


Ron 


— 


— 


1.5 


kQ 


Vcc-V EE .10V 
Load current 
±150 uA 


3 


Input leakage current 


>IL1 


-1.0 


— 


+1.0 


uA 


Vin-OtoVcc 


4 


Input leakage current 


l|L2 


-2.0 




+2.0 


uA 


Vin«V EE toVcc 


5 


Operating frequency 


foprl 


50 


— 


600 


kHz 


In master mode 
External clock 
operation 


6 


Operating frequency 


fopr2 


50 




1500 


kHz 


In slave mode 
Shift register 


7 


Oscillation frequency 


fosc 


315 


450 


585 


kHz 


Cf-20pF±5% 
Rf-47kQ±2% 


8,13 


Dissipation current (1) 


( GG1 






1.0 


mA 


In master mode 
1/128 duty cycle 
Cf«20pF 
Rf«47kfl 


9,10 


Dissipation current (2) 


'gG2 






200 


uA 


In slave mode 
1/128 duty cycle 


9,11 


Dissipation current 


Iee 






100 


uA 


In master mode 
1/128 duty cycle 


9,12 



Notes: 1 . Applies to input terminals FS, DS1 , DS2, CR, 5TET, SHL, M/S, FCS, CL1 , and TH and I/O 
common terminals DL, M, DR and CL2 in the input state. 

2. Applies to output terminals, <f>1 , $2, and FRM and I/O common terminals DL, M, DR, and CL2 in 
the output status. 

3. Resistance value between terminal X (one of X1 to X64) and terminal V (one of V1 L, V1 R, V2L, 
V2R, V5L, V5R, V6L, and V6R) when bad current is applied to each terminal X. 
Equivalent circuit between terminal X and terminal V. 
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o Terminal X (X1-X64) 



Connect one of the lines 



4. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, I/O common 
terminals DL, M, DR and CL2 in the input status and NC terminals. 

5. Applies to V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R. 
Don't connect any lines to X1 to X64. 

6. External clock is as follows. 



External clock 
waveform 



OJVcc / 
. 0.5VCC / 




trcp 
External 

clock — | Open Open 



J L 



CR R C 



Duty cycle * 



TH 



TH + TL 



x 100% 





Min 


Typ 


Max 


Unit 


Duty 
cycle 


45 


50 


55 


% 


trcp 






50 


ns 


tfcp 






50 


ns 



7. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 

8. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is twice as much as the frequency (ty) at <j>1 or <f>2. 



Cf 



CR 



R C 
01,02 



Cf-20 pF 

RU47kfl fosc = 2xfo 



9. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at V tH - V cc and V )L « GND. 

1 0. This value is specified for current flowing through GND in the followi ng co nditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is 
connected to Vcc and eacn °* CL1 and TH to GND. Oscillator is set as described in note 8. 

1 1 . This value is specified for curren t flow ing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS and CR is connected to Vcc. CL1 , TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and DL 
of the HD61 1 03A under the conditions described in note 10. 
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12. 



13. 



This value is specified for current flowing through V EE under the condition described in note 
10. Don't connect any lines to terminal V. 

This figure shows a typical relation among oscillation frequency, Rf and Cf. Oscillation 
frequency may vary with the mounting conditions. 



600 



2 400 





1 
1 
1 




Cf - 20 pF 







50 ' 

Rf (to) 



100 
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AC Characteristics 

(V C c = +5 V ± 10%, GND = V, V EE = to -11.5 V, Ta = -20 to +75°C) 
1. Slave Mode (M/S = GND) 



CL2 

(FCS -GND) 03V 
(Shift clock) ~ 



CL2 0J 

(FCS-Vcc) 
(Shift clock) 



DL (SHL - Vcc) 
DR (SHL - GND) 
Input data 



tDD 



DHW 



DR (SHL -V CC ) 
DL (SHL -GND) 
Output data 



XI 



yf \l if! \ 

0.3VCC \ Y \ I WLCL2L i ' twHCL2L \ 

^vccTT — T r 

°- 3Vcc / \ / 



/ tWHCL2H A „ „ / 

/ 1 \VCL2H y 

t DH 



).7V CC 

D.3V C C 



x 



l.7Vcc 
>.3Vcc 



X 



Item 


Symbol 


Min 


Typ 


Max 


Unit Note 


CL2 low level width (FCS « GND) 


*WLCL2L 


450 






ns 


CL2 high level width (FCS - GND) 


*WHCL2L 


150 






ns 


CL2 low level width (FCS « Vcc) 


twLCL2H 


150 






ns 


CL2 high level width (FCS - V cc ) 


*WHCL2H 


450 






ns 


Data setup time 


tDS 


100 






ns 


Data hold time 


*DH 


100 






ns 


Data delay time 


too 






200 


ns 1 


Data hold time 


*DHW 


10 






ns 


CL2 rise time 


tr 






30 


ns 


CL2 fall time 


tf 






30 


ns 



Note: 1 . The following load circuit is connected for specification 

1 



Output q_ 
Terminal 



30 pF (Includes jig capacitance) 
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2. Master Mode (M/S = V cc , FCS = V C c> Cf = 20 pF, Rf = 47 kQ) 



CL2 



0.7Vcc 
0.3Vcc 



\ . tWLCL2 . / twHCL2 \ J 

00 \ / . is / 



DL(SHL-Vcc) 
DR (SHL-GND) 



DR (SHL.Nfcc) 
DL (SHL-GND) 



FRM 



M 




01 



02 




0.7V CC 
0.5V C c 
0.3V CC 



tf twL02t r 
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Item 


Symbol 


Min 


Typ 


Max 


Unit Note 


Data setup time 


tDS 


20 


— 


— 


US 


Data hold time 


tDH 


40 


— 


— 


lis 


Data delay time 


tDD 


5 


— 


— 




FRM delay time 


k)FRM 


-2 


— 


+2 


\is 


M delay time 


tDM 


-2 




+2 


\is 


CL2 low level width 


tWLCIJI 


35 






\is 


— kl/ih IaisaI 

vjl.2 nign level WKJin 


*WHCL2 


35 






\is 


91 tow level WKiin 


tWl>1 








ns 


low level wioin 


tWL$2 


700 






ns 


<p i nign level wium 


tWHtyl 


4CIUU 






ns 


4>2 high level width 


tWH$2 


2100 






ns 


<fr1-*2 phase difference 


*D12 


700 






ns 


<J>2- $1 phase difference 


tD21 


700 






ns 


<t»1, <|>2 rise time 


tr 






150 


ns 


4>1, <|>2 fall time 


tf 






150 


ns 
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v cc- 

GND- 

v EE - 



CL1 ■ 
TH 

DL- 



SHL- 
STB- 



V2L V6L 
V1L V5L 



64 output terminals 
X1 X2 



V2R V6R 
X62 X63 X64 V1R V5R 



Logic 



Oscillator 



ISBUJ 

Rf Cf 



Liquid crystal display 
driver circuits 



Bidirectional shift 
register 



62 



63 



64 



Timing generation circuit 



Logic 



M/S FS DS1DS2 01 02 



Logic" 



*DR 



Logic 



FCS 

-CL2 
-FRM 



8. 

9? 



3 



a 

o 

CO 

> 
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Block Functions 
Oscillator 

The CR oscillator generates display timing signals and operating clocks for the HD61102. It is required 
when the HD61103A is used with the HD611 02. A n oscillation resistor Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminal R and C. 



| R CR C || R CR C 




Rf 


— II 

Cf 


1 t 1 

Open External Open 
clock 



Figure 1 Oscillator Connection with HD61102 



The oscillator is not required when the HD61103A is used with the HD61830. Connect terminal CR to the 
high level and don't connect any lines to terminals R and C (figure 2). 



1 R 


CR 


c 


1 


1 


1 


Open 


Vcc 


Open 



Figure 2 Oscillator Connection with HD61830 



Timing Generator Circuit 

The timing generator circuit generates display timing and operating clock for the HD61102. This circuit is 
required when the HD61103A is used with the HD61102. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals FS, DS1, and DS2 to high level and M/S to low level (slave 
mode). 

Bidirectional Shift Register 

A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to XI and the highest order bit on the DR 
side corresponds to X64. 
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Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5 and V6 to be transferred to the output terminals (table 1). 

Table 1 Output Levels 

Data from the 



Shift Register 


M 


Output Level 


1 


1 


V2 





1 


V6 


1 





V1 








V5 
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HD61103A Terminal Functions 



Terminal 
Name 


Number of 
Terminals I/O 


Connected 
to 


Function 


Voc 


1 


Power 


Vcc- GND: Power supply for internal logic. 


GND 

\/r-i- 
V EE 


1 

2 


supply 


Vcc - Vee: Power supply for driver circuit logic. 


V1 L, V2L, 
V5L, V6L, 
V1R,V2R, 
V5R, V6R 


8 


Power 
supply 


Liquid crystal display driver level power supply. 

V1 L (V1 R), V2L (V2R): Selected level 
V5L (V5R), V6L (V6R): Non-selected level 

Voltages of the level power supplies connected to V1 L 
and V1 R should be the same. 

(This applies to the combination of V2L & V2R, V5L & 
V5R and V6L & V6R respectively) 


M/S 


1 I 


VccorGND 


Selects master/slave. 



M/S m Vcc-' Master mode 

When the HD61 1 03A is used with the HD61 1 02, timing 
generation circuit operates to supply display timing 
signals and operation clock to the HD61 102. Each of 
I/O common terminals DL, DR, CL2, and M is in the 
output state. 

M/S - GND: Slave mode 

The timing operation circuit stops operating. The 
HD61 103A is used in this mode when combined with the 
HD61830. Even if combined with the HD61 102, this 
mode is used when display timing signals (M, data, CL2, 
etc.) are supplied by another HD61 1 03A in the master 
mode. 

Terminals M and CL2 are in the input state. 

When SHL is Vcc. DL is in the input state and DR is in 

the output state. 

When SHL is GND, DL is in the output state and DR is in 
the input state. 

FCS 1 I Vcc or GND Selects shift clock phase. 

FCS * Vcc^ Shift register operates at the rising 
edge of CL2. Select this condition 
when HD61 1 03A is used with HD61 1 02 
or when MA of the HD61 830 connects 
to CL2 in combination with the 
HD61830. 

FCS - GND: Shift register operates at the fall of 

CL2. Select this condition when CL1 of 
HD61 830 connects to CL2 in 
combination with the HD61830. 
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HD61103A Terminal Functions (cont) 

Terminal Number of Connected 

Name Terminals I/O to Function 



FS 1 I VccorGND Selects frequency. 

When the frame frequency is 70 Hz, the oscillation 
frequency should be: 

fosc«430 kHzatFCS-Vcc 
fosc - 215 kHz at FCS - GND 

This terminal is active only in the master mode. Connect 
it to Vqc in the slave mode. 



DS1.DS2 2 


I VccorGND Selects display duty factor. 










Display Duty Factor 1/48 


1/64 


1/96 


1/128 




DS1 GND 


GND 


Vcc 


Vcc 




DS2 GND 


Vcc 


GND 


Vcc 



TH 1 
CL1 1 



These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 



STB 1 I VccorGND Input terminal for testing. 

Connect STB to V cc . 



Connect TH and CL1 to GND. 



CR,R,C 3 Oscillator. 

In the master mode, use these terminals as shown 
below. 



Usage of these terminals in the master mode: 

Internal oscillation External clock 

External 



Rf Cf 

| — Jyy i |}L , Open Clock Open 



CR c]| R CR c| 

In the slave mode, stop the oscillator as shown below: 
Open Vcc Open 

[R CR C~| 



<t>1 , <t>2 2 O HD61 1 02 Operating clock output terminals for the HD61 1 02. 

Master mode: Connect these terminals to terminals 
4>1 and«>2oftheHD61102 
respectively. 

Slave mode: Don't connect any lines to these 
terminals. 
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HD61103A Terminal Functions (cont) 



Terminal 
Name 


Number of 
Terminals 


I/O 


Connected 
to 


Function 




FRM 


1 


o 


HD61102 


Frame signal. 
Master mode: 

Slave mode: 


Connect this terminal to terminal FRM 
of the HD61102. 

Don't connect any lines to this 
terminal. 



M 1 I/O MB of Signal to convert LCD driver signal into AC. 

Master mode: ° utput termjnal 
0T MUb1 1 u ^ Connect this terminal to terminal M of 

the HD61102. 

Slave mode: Input terminal. 

Connect this terminal to terminal MB 
of the HD61830. 



CL2 



I/O 



CL1 or MA 
of HD61830 
orCLof 
HD61102 



Shift clock. 

Master mode: Output terminal 

Connect this terminal to terminal CL of 
theHD61102. 

Slave mode: Input terminal 

Connect this terminal to terminal CL1 
or MA of the HD61830. 



DL, DR 



I/O 



Open or FLM 
of HD61830 



Data I/O terminals of bidirectional shift register. 

DL corresponds to X1 's side and DR to X64's side. 

Master mode: Output common scanning signal. 

Don't connect any lines to these 
terminals normally. 

Slave mode: Connect terminal FLM of the HD61 830 
to DL (when SHL - Vcc) or DR (when 
SHL -GND) 
M/S Vcc GND 



SHL 


Vcc 


GND 


Vcc 


GND 


DL 


Output 


Output 


Input 


Output 


DR 


Output 


Output 


Output 


Input 



NC 



Open Not used. 

Don't connect any lines to this terminal. 



SHL 



Vqc ° r GND Selects shift direction of bidirectional shift register. 

SHL Shift Direction Common Scanning Direction 



Vcc DL-+DR 



X1 ~»X64 



GND DL«~DR 



X1 <"X64 
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HD61103A Terminal Functions (cont) 

Terminal Number of Connected 

Name Terminals I/O to Function 



X1-X64 64 O Liquid crystal Liquid crystal display driver output. 

display Output one of the four liquid crystal display driver levels 
V1 , V2, V5, and V6 with the combination of the dat from 
the shift register and M signal. 



m _j r 



Data 



sr i. v2 .|. v6 .|. vi .|. vs .| 



Data 1 : Selected level 
0: Non-selected level 
When SHL is Vcc. X1 corresponds to COM1 and X64 
corresponds to COM64. 

When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. 
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H:V cc 
L: GND' 



} Fixed 



means "open". 



Rf: Oscillation resister 
Cf : Oscillation capacitor 



? h o ir L r. olS ° 



w m rz ™ im 



♦1 



♦2 



FRM 



CL2 SHL 



DL 



DR 



X1-X64 



A LLLLHHHHH — 



from MB from CL1 

of of 
HD61830 HD61830 



from FLM 
of 

HD61830 



— COM1-COM64 



from FLM 
of 

HD61830 



COM64-COM1 



B LLLHHHHHH — — - — 



from MB from MA 

of of 
HD61830 HD61830 



from FLM to DLVDR 

of of HD61103A COM1-COM64 
HD61830 No. 2 



to DLVDR of from FLM 
L HD61103A of 

No. 2 HD61830 



COM64-COM1 



C LLLHHHHHH 



from MB from MA 

of of 
HD61830 HD61830 



from DLVDR of 
H HD61103A 
No. 1 



— COM65-COM128 



o f fMlO& COM12&-COM65 
No. 1 



LL Rf to<M to*2 to FRM toM toCL 

D H L L H H or H Rf Cf of of of of of 

LH Cf HD61102 HD61102 HD61102 HD61102 HD61102 



H — 



COM1-COM64 



— COM64-COM1 



1 > 



5 « 

r. § 



3 



E H L L H H 



LL 
or 
LH 



Rf 

H RfCf 
Cf 



to 61 to«>2 to FRM to M Ji£K°L 
of of of of HD61102 

HD61102 HD61102 HD61102 HW1102 toCL2of 
HD61103AHD61103A 



toDL/DR 

— ofHD61103A COM1-COM64 
No. 2 



to DLVDR 
of HD61103A 
No. 2 



COM64-COM1 



COM1-COM64 



F LLLHHHHHH 



from DLVDR 

fromM fromCL2 H ofHD61103A - 

of of No - 1 

HD61103A HD61 1 03A from DLVDR 

No.1 No.1 |_ _ ofHD61103A COM64-COM1 

No.1 



X 
d 

o> 

H* 
HA 

O 

CO 

> 
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Outline of HD61103A System Configuration 



1. Use with HD61830 

a. When display duty ratio of LCD is more than 1/64 



HD61830 



3 



No.1 







COM1 
COM64 



LCD 



One HD61103A drives 
common signals. 



Refer to 

Connection list A 



HD61830 



HD61830 



LCD 



No. 1 




COM1 
COM64 


Upper 


COM1 
COM64 


Lower 


LCD 


COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



One HD61103A drives 
common signals for 
upper and lower 
panels. 



Two HD61103As drive 
upper and lower 
panel separately 
to ensure the 
quality of display. 
No. 1 and No. 2 
operate in parallel. 



b. When display duty ratio of LCD is from 1/65 to 1/128 
HD61830 • 




COM1 
COM128 


Upper 


COM1 


Lower 


COM128 



TwoHD61103As 
connected serially 
drive common signals. 



TwoHD61103As 
connected serially 
drive upper and 
bwer panels in 
parallel. 



Two sets of 
HD61 1 03As connected 
serially drive upper 
and bwer panels in 
parallel to ensure 
the quality of display. 



Refer to 

Connection list A 



For both of No. 1 
and No. 2, refer to 
Connectbn list A 



Refer to 

Connection list B 
for No. 1. 

Refer to Connection 
list C for No. 2. 



Refer to 

Connection list B 
for No. 1. 

Refer to Connection 
list C for No. 2. 



Refer to 

Connection list B 
for No. 1 and 3. 
Refer to 

Connection list C 
for No. 2 and 4. 
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2. Use with HD61102 (1/(4 duty ratio) 



No. 1 







COM1 
COM64 



HD61102 



LCD 



One HD61 103A drives 
common signals and 
supplies timing 
signals to the 
HD61102S. 



Refer to 

Connection list D 



►HD61102 



■m. ^ 



-HD61102 



LCD 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



One HD61 103A drives 
upper and lower 
panels and supplies 
timing signals to 
the HD61102S. 



Refer to 

Connection list D 



HD61102 



rNo.1-1 
No. 2— I 



LCD 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



TwoHD61103As drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. 1 supplies 
timing signals to 
No. 2 and the 
HD61102S. 



Refer to 

Connection list E 
for No. 1 

Refer to 

Connection list F 
for No. 2 
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Connection Example 1 

Use with HD61 102 (RAM type segment driver), 
a. 1/64 duty ratio (See Connection List D) 



+5V(V QC ) 
o- 




I 

CO 



i 



(O 

o 

X 



X1 

(X64) 

X64 
(X1) 



M 
CL 
FRM 
01 
02 

SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



5 



COM1 



5 



LCD panel 



COM64 



V C C 



M 

CL 

FRM 

01 

02 



HD61102 
CC CC CC DC 

>55§! 

J J J J og UJ 
t- CO ^ CM OZ UJ 



1 1 1 1 1 1 1 

V1V3V4V2 o 9 uj 
O 2 uj 
> CD > 



R3«15tt 



Figure 1 Example 1 

Note: 1 . The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1/9, the values of R1 and R2 should satisfy 



R1 



1 



4R1 + R2 " 9 
For example, 

R1 «3kQ, R2»15kQ 
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ft 
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n 



S 



c fuuiniuuu juwuui 
-~innr"nnr 

47 48 49 

imr:::innr 

I I I I 1 

FRM_J~J ! ! 



02 



CL2 



DL 

(PR) "niNote 



,1 I 




DR 
(DL) 



Note 



M 



X1 



(X64) 



V6 ! 



4 ~vT 



1 frame 



V5 



i I 
l I 



X2 



(X63) V6 



" | V5 



V1 



V5 



( ):atSHL»Low 



Note: Phase difference between DL (DR) and CL2 



«innr nr 



ir 



CL2 

DL 
(DR) 



i i i i i ~ " ~ i i i i 



i i i i 

i i 

i i 

i i 



++ 

i i 
i i 

U.UU 



Note 
~H — 



I I I I 
I j 




jNote ll Note 
I 





V2 



V6 



I I 

V6 



1 frame 



V6 



V2 



V1 



i l 
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Connection Example 2 

Use with HD61830 (Display controller), 
a. 1/64 duty ratio (See Connection list A) 



Open- 

Vcc— 

Open- 



CD 

■54 

(0 



(\J 00 

V1 — 
V6 



V5- 
V2- 

V E E- 



GND- 



Open- 
Open- 
Open- 



C 

CR 

R 

Vcc 

V1L.V1R J 
V6L.V6R 

CO 

ft 

V) 

V5L.V5R Z 

V2L.V2R g 
eg 



CD 

O 
X 



V E E 
GND 



FRM 

01 

02 



X1 
(X64) 

X64 
(X1) 



M 
CL2 
DL(DR) 



£ DR(DL) 



SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 

res 

STB 



COM1 



5 



LCD panel 



COM64 



— Open 



MB 




CL1 


HD61330 


FLM 






(Display Controller) 



Figure 3 Example 2 (1/64 duty ratio) 
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Figure 4 Example 2 Waveform (1/64 duty ratio) 
HITACHI 
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b. 1/100 duty ratio (See Connection list B, C) 



<D 

a 

E 

(0 

d5 

C 

.2 

c 
c 

8 

o 

o 
CO 



rvcc 

V1 - 
V6- 

V5- 
V2- 



\ 



V E E- 
GND- 









FLM 


MA 


^ 8 


MB 











Vqc 
Open 



o 



lr. 



v C c 



V1L, V1R 
V6L, V6R 
V5L, V5R 
V2L, V2R 

V EE J> 
GND % 



SHL 
DS1 
DS2 
TH 
CL1 
FS 
M/S 
FCS 
STB 
X1 

6 ~ (X64)| 



x 

CO 
v- .(0 



s _ 

X Z <^ 



CE -^ J 

j CE X64 
Q S (X1) 



Open — 
Vcc — 



Open — 



Open 



3 
o 



CC -J 

a & 

Q O 



V1L, V1R 
V6L, V6R 
V5L, V5R 
V2L, V2R 

V E E 
GND 

CO 

< 

s 



X1 
(X64)f 



X36 
(X29) 



? 1 



C 
CR 
R 



CO 

t— rvi CO 

X Z w 



SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



COM1 



COM64 
COM65 

COM 100 



LCD 
Panel 



Vcc 
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/ 
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1 frame 



V5 
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V5 



V5 



...im 
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V5 
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V2 



V5 




( ): SHL- Low level 



*3 



HD61 202 

(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

HD61202 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro controller in the internal display RAM and 
generates dot matrix liquid crystal driving signals. 

Each bit data of display RAM corresponds to the 
on/off state of a dot of a liquid crystal display to 
provide more flexible than character display. 

As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
display with many dots. 

The HD61202, which is produced in the CMOS 
process, can complete portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's low 
power dissipation. 

Moreover it can facilitate dot matrix liquid crystal 
graphic display system configuration in 
combination with the row (common) driver 
HD61203. 



Features 

• Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 

• RAM data direct display by internal display 
RAM 

RAM bit data 1: On 

RAM bit data 1: Off 
Internal display RAM address counter preset, 
increment 

• Display RAM capacity: 512 bytes (4096 bits) 
8-bit parallel interface 

Internal liquid crystal display driver circuit: 64 

• Display duty cycle: 

Drives liquid crystal panels with 1/32-1/64 

duty cycle multiplexing 

Wide range of instruction function: 

Display Data Read/Write, Display On/Off, Set 

Address, Set Display Start Line, Read Status 

• Lower power dissipation: during display 2 mW 
max 

• Power supply: V cc : 5 V ± 10% 

• Liquid crystal display driving voltage: 8 V to 
17.0 V 

CMOS process 

Ordering Information 

Type No. Package 

HD61 202 1 00-pin plastic QFP(FP-1 00) 

HD61 202TFIA 1 00-pin thin plastic QFP(TFP-60) 

HD61202D Chip 
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Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage 


V CC 


-0.3 to +7.0 


V 


2 




V E E1 
V E E2 


Vcc-190toVcc + 0.3 


V 


3 


Terminal voltage (1) 


Vti 


V E E-0.3toVcc + 0.3 


V 


4 


Terminla voltage (2) 


V T2 


-0.3toVcc + 0.3 


V 


2,5 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to +125 


°c 





Notes: 1 . LSIs may be destroyed if they are used beyond the absolute maximum ratings. 

In ordinary operation, it is desirable to use them within the recommended operation 
conditions. 

Using them beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referenced to GND » V. 

3. Apply the same supply voltage to V EE1 and Vee2- 

4. Applies to V1 L, V2L, V3L, V4L, V1 R, V2R, V3R, and V4R. 

Maintain 

Vcc^V1L«V1R^V3L«V3R>V4L«V4R^V2L«V2R^V EE 

5. Applies to M, FRM, CL, RST, ADC, <>1 , <>2, CS1 , CS2, CS3, E, R/W, D/l, and DB0-DB7. 



HITACHI 



581 



HD61202 



Pin Arrangement 



DC ■»— cm i ^ 

LL UJ ■©-■©- O Q 



H* It- ICM CO jv S (O U) ^ CO cm 

dbbOZZZQQQQQO 




CMr-O0)00N<DW^C0CMt- . _ . .. 



(Top View) 
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9 2 



^ w j-l|wowo|wSomSSSSSl5Sz 
£™ooalirzozloozooaooooao 



VCC [T 
V4R |T 
V3R [T 
V2R [T 
V1R Of 
VEE2 [T 
Y64 |T 
Y63 [£ 
Y62 [T 
Y61 QO 
Y60 QT 
Y59 El 
Y58 [13 
Y57 [U 
Y56 El 
Y55 El 
Y54 EI 
Y53 El 
Y52 El 
Y51 |20 
Y50 H 
Y49 [22 
Y48 [23 
Y47 [24 
Y46 [25 



HD61202TFIA 
(TFP-100) 



H V4L 
13 V3L 
H V2L 

72] Y1L 
71] VEE1 
70] Y1 
H Y2 
HI Y3 
13 Y4 
H Y5 
H Y6 
64] Y7 
63] Y8 
62] Y9 
13 Y10 
l0] Y11 
H Y12 
!§] Y13 
57] Y14 
H] Y15 
H Y16 
H] Y17 
H Yt8i 
H Y19 
13 Y20 



if 



(Top View) 
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Electrical Characteristics 

(GND = V, V C c = 4.5 to 5.5 V, V C c - V E e = 8 to 17.0 V, Ta = -20 to 
+75°C) 



Limit 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V|HC 


0.7xVcc 


— 


Vcc 


V 




1 




VlHT 
in i 


2.0 




Vcc 


v 




2 


Input low voltage 


V|LC 





— 


0.3 x Vcc 


V 




1 




V|LT 





— 


0.8 


V 




2 


Output high voltage 


VOH 


2.4 






V 


Ioh - -205 uA 


3 


Output low voltage 


Vol 







0.4 


V 


Iol» 1.6 mA 


3 


Input leakage current 


«il 


-1.0 




+1.0 


uA 


Vin-GND-Vcc 


4 


Three-state (off) 
input current 


Itsl 


-6.0 




+5.0 


uA 


Vin-GND-Vcc 


5 


Liquid crystal supply 
leakage current 


Ilsl 


-2.0 




+2.0 


uA 


Vin-V EE -Vcc 


6 


Driver on resistance 


Ron 






7.5 


ktt 


Vcc-V EE -15V 
±'load-0-1 niA 


8 


Dissipation current 


IccO) 






100 


uA 


During display 


7 




lcc(2) 






500 


uA 


During access 
access cycle * 1 MHz 


7 



Applies to M, FRM, C L, RST, fl, and «>2. 

Applies to CS1 , CS2, CS3, E, R/W, D/l, and DB0-DB7. 

Applies to DB0-DB7. 

Applies to terminals except for DB0-DB7. 

Applies to DB0-DB7 at high impedance. 

Applies to V1 L-V4L and V1 R-V4R. 

Specified when liquid crystal display is in 1/64 duty cycle mode. 

Operation frequency f CLK - 250 kHz «>1 and $2 frequency) 

Frame frequency f^ * 70 Hz (FRM frequency) 

Specified in the state of 

Output terminal: not loaded 

Input level: V N - V C c (V) 
VI L -GND(V) 
Measured at Vqq terminal 

Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when bad current flows through one of the terminals Y1 to Y64. This value is 
specified under the following condition: 



Notes: 1 . 
2. 
3. 
4. 
5. 
6. 
7. 
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V CC - V EE= 15.5 V 
ViL = V 1R , V 3L ~ V 3R = V cc -2/7 (V CC - V EE ) 
V 2L - V 2 R. V 4L . V 4R « V CC + 2/7 (V CC - V EE ) 



ViL . Vir 
V 3 L . V 3 R 
V 4 L . V 4R 
V 2 L . V 2R 




Terminal Y 
(Y1-Y64) 



The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to VIL = VIR and V3L = V3R and negative voltage to V2L = V2R and V4L = V4R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage V cc - V EE . 



AV 



AV 



V1 (V 1L -V 1R ) 

- — V3 (V 3L = V 3R ) 



V4 (V 4La5 V 4R ) 

V2 (V 2L =V 2R ) 
V EE 



Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 



Correlation between Power 
Supply Voltage V cc ~ V EE and AV 
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Terminal Configuration 

Input Terminal 



Vcc 

HHpmos 
HHnmos 



Applicable term inals : 

M, FRM, CL, RST, 4 1 , <J> 2, CS1 , CS2, CS3, 
E f R/W, D/l. ADC 



Input/Output Terminal 




Applicable terminals: DB0-DB7 



(Output circuit) 
[three state]) 



Output Terminal 



-jyi — PMQS o V1L, V1R 
Vcc 

JJI PM2§-^V3L,V3R 

Vcc 

J"P NMQS C-V4L.V4R 

V EE 

"T 1 NMQS O V2L, V2R 

V EE 



Applicable Terminals: 
Y1-Y64 
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Interface AC Characteristics 
MPU Interface 

(GND = V, V C c = 4.5 to 5.5 V, Ta = -20 to +75°C) 



Item 


oyiiiDui 


Min 
Mill 


Tun 

iyp 


May 

Ma A 


Unit 


Kioto 


EZ miaIa tlrviA 

c cyuio iiiiio 


tcYC 


1 uuu 






ns 




tz nign level wioin 


r WEH 








ns 




F Inn/ Ia%#aI tifirlth 


^WEL 








ne 

119 


1 P 


E rise time 


tr 






25 


ns 


1,2 


E fall time 


tf 






25 


ns 


1,2 


Address setup time 


tAS 


140 






ns 


1.2 


Address hold time 


tAH 


10 






ns 


1,2 


Data setup time 


*DSW 


200 






ns 


1 


Data delay time 


tDDR 






320 


ns 


2,3 


Data hold time (Write) 


*DHW 


10 






ns 


1 


Data hold time (Read) 


^DHR 


20 






ns 


2 



Notes: 1 . 



-t t( 

20 V V n ■ 

»r PwEL — ^ 

o.8 v-y i 



-tCYC- 



"PWEH 




R/W 

CS1-CS3 
D/l 

DB0-DB7 



2.0 

0. 



^^V-tAS- 

i8V \ 



tf 

tAH 



Fv\T 

8V A 



2.0 V 



0.8 V 



{ 



-tDSW- 



Figure 1 CPU Write Timing 



f 



*-*DHW 
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Notes: 2. 




Figure 2 CPU Read Timing 

3. DB0-DB7: load circuit 

RL = 2.4 k ft 
R «11kfl 

C - 130 pF (including jig capacitance) 
Diodes D1-D4 are all 1S2074 ® . 



Test 
point 




T7T 
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Clock Timing 
(GND = V, V cc = 


4.5 to 5.5 V, 


Ta = 


-20 to +75°C) 












Limit 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


fl, +2 cycle time 


tcyc 


2.5 




20 


lis 


Fig. 3 


+1 low level width 


tWL*1 


625 






ns 


Fig. 3 


+2 low level width 


tWL+2 


625 






ns 


Fig. 3 


♦1 high level width 


tWH+1 


1875 






ns 


Fig. 3 


♦2 high level width 


twH+2 


1875 






ns 


Fig. 3 


♦1 — +2 phase difference 


*D12 


625 






ns 


Fig. 3 


^2 — +1 phase difference 


*D21 


625 






ns 


Fig. 3 


+1,+2 rise time 


tr 






150 


ns 


Fig. 3 


♦1. 42 fall time 


tf 






150 


ns 


Fig. 3 




Figure 3 External Clock Waveform 
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Display Control Timing 

(GND = OV, V CC = 4.5 to 5.5 V, Ta = -20 to +75 °C) 



Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


FRM delay time 


toFRM 


-2 




42 


lis 


Fig. 4 


M delay time 


tDM 


-2 




+2 


\is 


Fig. 4 


CL low level width 


tWLCL 


35 






flS 


Fig. 4 


CL high level width 


tWHCL 


35 








Fig. 4 




Figure 4 Display Control Signal Waveform 
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Block Diagram 



>2£ 



0.0.0.0. 

5:5.55 



M- 



ADC- 



v CC - 

GND- 

v EE r 

V E E2- 



Liquid crystal display 
driver circuit 



2 



3 



Display date latch 



i 

8 



> 
x 



3 



2 

(0 

to 
■o 

8- 
5 



I 



CO 
& 

•§ 

N 



a. *- 

(0 © 



CL 
FRM 



CO <t— 

a.? 
Q o 




RST 

01 

02 
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Terminal Functions 



Terminal 
Name 


Number of 
Terminate 


Connected 
I/O to 


Functlona 


Vcc 
GND 


2 


Power 
supply 


Power supply for internal logic. 

Recommended voltage is: 

GND-OV 
Vcc-5V±10% 


Veei 


2 


Power 


Power supply for liquid crystal display drive circuit. 


V E E2 




supply 


Recommended power supply voltage is Vcc ~~ v ee - 8 to 1 7.0 
V. Connect the same power supply to Veei and V EE2 . V EE1 
and V EE2 are not connected each other in the LSI. 


V1L.V1R 


8 


Power 


Power supply for liquid crystal display drive. 


V2L, V2R 
V3L, V3R 
V4L, V4R 




supply 


Apply the voltage specified depending on liquid crystals 
within the limit of V EE through Vcc- 






V1L (V1R), V2L (V2R): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 

Power supplies connected with V1 L and V1 R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 


CST 


3 


I MPU 


Chip selection. 


C52 
CS3 






Data can be input or output when the terminals are in the 
following conditions: 

Terminal Name CS1 CS2 CS3 
Condition L L H 


E 


1 


I MPU 


Enable. 

At write(R/W * Low): Data of DBO to DB7 is latched at 
the fall of E. 

At read(R/W - High): Data appears at DBO to DB7 while 

C ie sit hlnh I awa| 
1. I5> dl lliyil loVol. 


R/W 


1 


I MPU 


Read/write. 

R/W - High: Data appears at DBO to DB7 and can be 
read by the CPU. 

When E - high, CS1 , CS2 - bw and CS3 - 
high. 

R/W - Low: DBO to DB7 can accept at fall of E when 
CS1.CS2- tow and CS3 - high. 


D/l 


1 


1 MPU 


Data/instruction. 



D/l = High: Indicates that the data of DBO to DB7 is 
display data. 

D/l - Low: Indicates that the data of DBO to DB7 is 
display control data. 
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Terminal Functions (cont) 



Torm In aI 
i vi in mm 

Name 


Mumhar a# 

I^IIJIIIWOl VI 

Terminals 


I/O 


wWIIII WIVU 

to 


Functions 


ADC 




I 


VnWGND 


AHHro<tQ control ^innal to HatarminA the relation botwsan Y 

address of display RAM and terminals from which the data is 
output. 

ADC - High: Y1 : $0, Y64: $63 
ADC -Low: Y64: $0, Y1 : $63 


DB1-DB7 


8 


I/O 


MPU 


Data bus, three-state I/O common terminal. 


M 


1 


I 


HD61203 


Switch signal to convert liquid crystal drive waveform into 

AC 


FRM 


1 


1 


HD61203 


Display synchronous signal (frame signal). 

Presets the 6-bit display line counter and synchronizes the 
common signal with the frame timing when the FRM signal 


CL 


1 


1 


HD61203 


Synchronous signal to latch display data. The rising CL 
signal increments the display output address counter and 
latches the display data. 


♦1.42 


2 


1 


HD61203 


2-phase clock signal for internal operation. 

The *1 and *2 clocks are used to preform operations (I/O of 
display data and execution of instructions) other than 
display. 


Y1-Y64 


64 


o 


Liquid 

crystal 

display 


Liquid crystal display column (segment) drive output. 

These pins outputs light on level when 1 is in the display 
RAM, and light off level when is it. 

Relation among output level, M, and display data (D) is as 
follows: 

M I 1 | | 

d JT[oJTL^ 

22* |yi|y3|y2|y4| 


RST 


1 


1 


CPU or 
external CR 


The following registers can be initialized by setting the RST 
signal to low level. 

1 . On/off register set (display off) 

2. Display start line register line set (displays from 
lineO) 

After releasing reset, this condition can be changed only by 
instruction. 


NC 


3 




Open 


Unused terminals. Donl connect any lines to these 
terminals. 



Note: 1 corresponds to high level in positive logic. 
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Function of Each Block 
Interface Control 

1. I/O buffer 

Data is transferred through 8 data bus lines (DBO- 
DB7). 

DB7: MSB (Most significant bit) 
DBO: LSB (Least significant bit) 
Data can neither be input nor output unless C S1 to 
CS3 are in the active mode. Therefore, when CS1 
to CS3 are not in active mode it is usele ss to 
switch the signals of input terminals except RST 
and ADC; that is namely, the internal state is 
maintained an d no i nstruction excutes. Besides, pay 
attention to R ST a nd ADC which operate 
irrespectively of C5T to CS3. 

2. Register 

Both input register and output register are provided 
to interface to an MPU whose speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals (table 1). 

a. Input register 

The input register is used to store data temporarily 
before writing it into display data RAM. 
The data from MPU is written into the input 
register, then into display da ta RA M automatically 
by internal operation. When CS1 to CS3 are in the 
active mode and D/I and R/W select the input 
register as shown in table 1, data is latched at the 
fall of the E signal. 



Table 1 Register Selection 

D/l R/W Operation 

1 1 



1 

V Busy check. Read of status data. 

Instruction 



b. Output register 

The output register is used to store data temporarily 
that is read from display data RAM. To read out the 
data from output register, CS1 to CS3 should be in 
the active mode and both D/l and R/W should be 1. 
With the read display data instruction, data stored in 
the output register is output while E is high level. 
Then, at the fall of E, the display data at the 
indicated address is latched into the output register 
and the address is increased by 1. 

The contents in the output register are rewritten by 
the read display data instruction, but are held by 
address set instruction, etc. 

Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one dummy 
read is necessary. Figure 5 shows the CPU read 
timing. 



Reads data out of output register as internal operation (display data RAM -* output 
register) 

Writes data into input register as internal operation (input register -> display data RAM) 
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Address 
Output 
register 



1 N 


1 N+1 


I N + 2 






I Data at address N 


I Data at address N + 1 



DB0-DB7 



Busy 
check 



Write 

address 

N 



Busy 
check 



Read 
data I 
(dummy) 



Busy 
check 



Read 
data at 
address 
N 



Busy Data read 
check I address 
N + 1 



X 
d 
G> 

CO 

o 

CO 
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Busy Flag 

Busy flag = 1 Indicates that HD61202 is operating 
and no instructions except status read instruction 
can be accepted. The value of the busy flag is read 



out on DB7 by the status read instruction. Make 
sure that the busy flag is reset (0) before issuing 
instructions. 



J — L 



Busy 
flag 



TBusy 



f CLK is 01, 02 frequency 



1/fcLK«T Busy 23/fcLK 



Figure 6 Busy Flag 



Display On/Off Flip/Flop 

The display on/off flip/flop selects one of two 
states, on state and off state of segments Yl to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is c ontrolled by display on/off 
instruction. RST signal = sets the segments in 
off state. The status of the flip/flop is output to 
DB5 by status read instruction. Display on/off 
instruction does not influence data in RAM. To 
control display data latch by this flip/flop, CL 
signal (display synchronous signal) should be input 
correctly. 

Display Start Line Register 

The display start line register specifies the line in 
RAM which corresponds to the top line of LCD 
panel, when displaying contents in display data 
RAM on the LCD panel. It is used for scrolling of 
the screen. 

6-bit display start line information is written into 
this register by the display start line set 
instruction. When high level of the FRM signal 
starts the display, the information in this register is 



transferred to the Z address counter, which controls 
the display address, presetting the Z address 
counter. 

X, Y Address Counter 

A 9-bit counter which designates addresses of the 
internal display data RAM. X address counter 
(upper 3 bits) and Y address counter (lower 6 bits) 
should be set to each address by the respective 
instructions. 

1. X address counter 

Ordinary register with no count functions. An 
address is set by instruction. 

2. Y address counter 

An address is set by instruction and is increased by 
1 automatically by R/W operations of display data. 
The Y address counter loops the values of to 63 
to count. 

Display Data RAM 

Stores dot data for display. 1-bit data of this RAM 
corresponds to light on (data = 1) and light off (data 
= 0) of 1 dot in the display panel. The 
correspondence between Y addresses of RAM and 
segment pins can be reversed by ADC signal. 
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As the ADC signal controls the Y address counter, 
reversing of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, never fail to 
connect ADC pin to Vcc oc GND when using. 

Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = (display start line = 0, 1/64 duty 
cycle). 
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LCD 

display pattern 




(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 
(HD61203 X4) 
(HD61203 X5) 
(HD61203 X6) 
(HD61203 X7) 
(HD61203 X8) 
(HD61203 X9) 



COM62 (HD61203 X62) 
COM63 (HD61203 X63) 
COM64 (HD61203 X64) 



X-0 



Display 
RAM data 



X-1 



X-7 



Line 62 
Line 63 






1 


1 


1 










1 











1 







1 











1 







1 











1 







1 


1 


1 


1 


1 







1 











1 







1 











1 









































































1 











1 
















1 


1 


1 


1 


1 





































1 











1 


1 








1 





1 





1 








1 


1 











1 











1 











































1 2 3 4 5 



• DBO(LSB) 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 

DB7(MSB) 



616263 



RAM Y Address 



ADC - 1 (Connected to V QC ) 
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LCD 

display pattern 




(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 
(HD61203 X4) 
(HD61203 X5) 
(HD61203 X6) 
(HD61203 X7) 
(HD61203 X8) 
(HD61203 X9) 



Line 
Line 1 
Line 2 



X-0 



Display 
RAM date 



X«1 



X«7 



Line 62 

Line 63 





Y 


Y 


Y 


Y 


Y 




64 


63 


62 


61 


59 






1 


1 


1 










1 











1 







1 











1 







1 











1 







1 


1 


1 


1 


1 







1 











1 







1 











1 







































































1 











1 
















1 


1 


1 


1 


1 




























Y3V2Y1 



1 2 3 4 5 












1 











1 


1 








1 





1 





1 








1 


1 











1 











1 






































[<f 



























I I I 

616263 



COM62 
COM63 
- COM64 



(HD61203 X62) 
(HD61203 X63) 
(HD61203 X64) 



HD61202 Pin Name) 

DBO(LSB) 

DB1 

DB2 

DB3 

— DB4 

— DB5 

— DB6 

— DB7(MSB) 



RAM Y Address | 



ADC-0 (Connected to GND) 



Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 

The Z address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At the high 
level of FRM, the contents of the display start line 
register is preset at the Z counter. 

Display Data Latch 

The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit. Data is latched 
at the rise of the CL signal. The display on/off 
instruction controls the data in this latch and does 
not influence data in display data RAM. 

Liquid Crystal Display Driver Circuit 

The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, VI, V2, V3, and V4 to be output. 



Reset 

The system can be initialized by setting RST 
terminal at low level when turning power on. 

1. Display off 

2. Set display start line register line 0. 

While RST is low level, no instruction except 
status read can be accepted. Therefore, execute other 
instructions after making sure that DB4 = (clear 
RESET) and DB7 = (Ready) by status read 
instruction. The conditions of power supply at 
initial power up are shown in table 1. 



Table 1 


Power Supply Initial Conditions 






Item 


Symbol Min Typ 


Max 


Unit 


Reset time 


*RST 1.0 — 




US 


Rise time 


tr - - 


200 


ns 



Do not fail to set the system again because RESET during operation may destroy the data in all the 
registers except on/off register and in RAM. 
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Display Control Instructions 
Outline 

Table 2 shows the instructions. Read/write (R/W) signal, data/instruction (D/I) signal, and data bus signals 
(DBO to DB7) are also called instructions because the internal operation depends on the signals from the 
MPU. 

These explanations are detailed in the following pages. Generally, there are following three kinds of 
instructions: 

1 . Instruction to set addresses in the internal RAM 

2. Instruction to transfer data from/to the internal RAM 

3. Other instructions 

In general use, the second type of instruction is used most frequently. Since Y address of the internal RAM 
is increased by 1 automatically after writing (reading) data, the program can be shortened. During the 
execution of an instruction, the system cannot accept instructions other than status read instruction. Send 
instructions from MPU after making sure that the busy flag is 0, which is proof that an instruction is not 
being excuted. 
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Table 2 Instructions 



Code 



Instructions 


R/W 


D/l 


DB7 DB6 


DB5 DB4 DB3 DB2 DB1 


DBO 


Functions 


Display on/off 











11111 


1/0 


Controls display on/off. RAM data and internal 
status are not affected. 1 : on, 0: off. 


Display start line 








1 1 


Display start line (0-63) 




Specifies the RAM line displayed at the top of the 
screen. 


Set page (X address) 








1 


1 1 1 Page (0-7) 




Sets the page (X address) of RAM at the page (X 
address) register. 


Set address 








1 


Y address (0-63) 




Sets the Y address in the Y address counter. 


Status read 


1 





Busy 


ON/ Reset 
OFF 





Reads the status. 

RESET 1: Reset 
0: Normal 

ON/OFF 1: Display off 
0: Display on 

Busy 1 : Internal operation 
0: Ready 


Write display data 





1 


Write data 






Writes data DBO (LSB) Has access to the 
to DB7 (MSB) on the address of the display 
data bus into display RAM specified in 
RAM. advance. After the 


Read display data 


t 


1 


Read data 






Reads data DBO (LSB) access ' \ * dd / ess is 
to DB7 (MSB) from the ««»assd b Y 1 • 
display RAM to the data 



bus. 



Note: 1 . Busy time varies with the frequency (f clk) of <t> 1 > and <t> 2 - 
(1 rtcLK * TbuSY * 3/f clk) 



HD61202 



Detailed Explanation 
Display on/off 

R/W 

Code 



D/l 



DB7 



DBO 















1 


1 


1 


1 


1 


D 



high-order bit 



low-order bit — * 



The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
with D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = into 
D= 1. 



Display start line 



R/W D/l 



DB7 



DBO 



Code 









1 


1 


A 


A 


A 


A 


A 


A 



<*— high-order bit 



low-order bit -* 



Z address AAA AAA (binary) of the display data RAM is set in the display start line register and displayed 
at the top of the screen. Figure 8 shows examples of display (1/64 duty cycle) when the start line = 0-3. 
When the display duty cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD 
screen, from the line specified by display start line instruction, is displayed. 
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COM61 
COM62 
COM63 
COM64 



C0M1 
COM2 
COM3 
COM4 
COM5 
C0M6 
COM7 
COM8 
COM9 




COM60 
COM61 
COM62 
COM63 
COM64 



Start line ■ 



Start line = 1 



COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
C0M8 
COM9 



COM60 
COM61 
COM62 
COM63 
COM64 





COM60 
C0M61 
COM62 
COM63 
COM64 



Start line * 2 



Start line * 3 
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Figure 8 Relation Between Start Line and Display 
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Set page (X address) 

R/W D/l DB7 

Code 



DBO 









1 





1 


1 


1 


A 


A 


A 



-•— high-order bit 



tow-order bit — * 



X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 9. 

Set Y address 



R/W D/l DB7 



DBO 



Code 












1 


A 


A 


A 


A 


A 


A 



high-order bit 



low-order bit — * 



Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 



1 2- 



Y address 
61 62 63 



DBO 




t 


PageO 


DB7 




DBO 




i 


Page 1 


DB7 





X-0 



X«1 



DBO 




i 


Page 6 


DB7 




DBO 




i 


Page 7 


DB7 





X«6 



X-7 



Figure 9 Address Configuration of Display Data RAM 
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Status Read 



R/W D/l DB7 



DBO 



Code 


1 





Busy 





ON/ 


RESET 






















OFF 













high-order bit 



tow-order bit — * 



Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 

Busy is 1, so you should make sure that Busy is before writing the next instruction. 

ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is 1, the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 

RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 
except status read can be accepted. 

RESET = shows that initializing has finished and the system is in the usual operation 
condition. 



Write Display Data 

R/W D/l DB7 

Code 



DBO 






1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit — 



Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 



Read Display Data 

R/W D/l DB7 

Code 



DBO 



1 


1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit — * 



Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 

One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61202 

Interface with HD61203 (1/64 duty cycle) 



Vcc- 

V1>- 
V6>- 
V5>- 



V23- 



vcc 



Rf Cf 

j ^ | 



R CR C 



VCC 

V1L, V1R 
V6L f V6R 
V5L, V5R 
V2L, V2R 

v E e 

GND 



X1 



X64 



HD61203 



SHL 

DS1 

DS2 

TH 

CL1 

FS 

M/S 

FCS 

STB 



DL 
DR 



M 

CL2 
FRM 
01 
02 



COM1 



COM64 - 
til 

CO 



LCD Panel 
64 * 64 dots 



S 
(3 
m 

CO 



— Open 

— Open 



^wejjiuppjy^ircujt^ 
+5V^Vcc) 




Vcc 



Y64 



M 

CL 

FRM 

01 

02 



ADC 
RST 



HD61202 



v C c 


-^v cc 


V1L, V1R 


— <V1 


V2L, V2R 


— <V2 


V3L, V3R 


— <V3 


V4L, V4R 


— <V4 


VEE1.VEE2 


— <V EE 


GND 


~1 



^ CQ CD 00 CD CD CD CD CD 
OUJOOOOOOOO 



TTTTTTTTTTTTTT 



External CR 



CPU 



R3«15fl 
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01 



u — II 



02 — I2J laT 



i_r u — 

|4si 



Input 



CL __|64j__)lT_j2 6 Cf3l_ ___|64|_pn_|2l_f3l (§4|_pT_ 

frm j_n_ 



M 



! 1 frame 



/ 



COM 



X1 



X2 



V5 



V6 



i 



I V6 l |V6 



X64 V5 



i i 

i i 

Vll 



V6 ! 



I VI 



Y1 V4[ 



SEG 



Y64 V4i 



V3 I 



V1 



V3 



Selected Non-selected 
h— ^- 




The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 
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Interface with CPU 

1. Example of connection with HD6800 



HD6800 



A15 

i 

A1 
VMA 

AO 
R/W 

02 

DO 

t 

D7 
RES 



Decoder 



V CC" 



p. 



C5T 
CS2 
CS3 

D/l 
RA/V 



DBO 



DB7 



T55T 



HD61202 



Figure 11 Example of Connection with HD6800 Series 



In this decoder, addresses of HD61202 in the address area of HD6800 are: 
Read/write of the display data $FFFF 
write of display instruction $FFFE 
Read out of status $FFFE 



Therefore, you can control HD61202 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 



P10 
P11 
P12 
P13 

(IOS) (SC1) 
(RAN) (SC2) 



P14 



HD6801 



P30 
P31 
(Date bus) ! 

P37 



74LS154 



A 
B 

C 
D 

G1 G2 



YO 



Y , 1 
i 

Y15 



IT 



Vcc— 



53T 

CS2 
CS3 



R/W 



D/l 



DBO 

DB1 
i 
i 

DB7 



HD61202 
No. 1 



Set HD6801 to mode 5. P10 to P14 are used 
as the output port and P30 to P37 as the data 
bus. 

74LS154 4-to-16 decoder generates chip select 
signal to make specified HD61202 active after 
decoding 4 bits of P10 to P13. 



Therefore, after enabling the operation by P10 
to PI 3 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61202. In this 
case, IOS signal is output from SCI and R/W 
signal from SC2. 

For details of HD6800 and HD6801, refer to 
their manuals. 
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Example of Application 



HD61202 
No. 9 



Y1 



• Y64 



HD61202 
No. 10 

Y1 ~Y64 




HD61202 
No. 16 

Y1 ~ Y32 





COM1, 

COM2 

COM3. 



8^ X2 
§£ X3 
•I I 
X64 



tit 



COM64 



m X1 
8^ X2 

2i X3 

St * 

X X64 






COM67* 




COM128, 







LCD Panel 
128^480 dots 



Y1 ~ Y64 

HD61202 
No. 1 



Y1 ~Y64 

HD61202 
No. 2 




Y1 ~Y32 

HD61202 
No. 8 





Note: In this example, two HD61203s output the equivalent waveforms. So, stand-alone operation is 

possible. In this case, connect COM1 and COM65 to X1 , COM2 and COM66 to X2 and COM64 

and COM 128 to X64. However, for the large screen display, it is better to drive in 2 rows as in this 
example to guarantee the display quality. 
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HD61 203 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Features 

• Dot matrix liquid crystal graphic display 
common driver with low impedance 

• Low impedance: 1.5 kQ max 

Internal liquid crystal display driver circuit: 64 
circuits 

• Internal dynamic display timing generator 
circuit 

• Display duty cycle 

When used with the column driver HD61202: 

1/48, 1/64, 1/96, 1/128 
When used with the column driver HD61200: 

Selectable out of 1/32 to 1/128 
Low power dissipation: During display: 5 mW 

• Power supplies: V C c* 5 V ± 10% 

Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 

• CMOS process 

Ordering Information 
Type No. Package 



Description 

The HD61203 is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 
and the impedance is low enough to drive a large 
screen. 

As the HD61203 is produced by a CMOS process, 
it is fit for use in portable battery-driven equipment 
utilizing the liquid crystal display's low power 
consumption. The user can easily construct a dot 
matrix liquid crystal graphic display system by 
combining the HD61203 and the column (segment) 
driver HD61202. 



HD61 203 1 00-pin plastic QFP(FP-1 00) 

HD61 203TF1A 1 00-pin thin plastic QFP(TFP-60) 
HD61203D Chip 
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Absolute Maximum Ratings 



Item 


Symbol 


Limit 


Unit 


Note 


Power supply voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


2 


Power supply voltage (2) 


V EE 


Vcc -19.0 to Vcc + 0.3 


V 


5 


Terminal voltage (1) 


Vti 


-0.3 to Vcc + 0.3 


V 


2,3 


Terminal voltage (2) 


V T2 


V E e- 0.3 to Vcc + 0.3 


V 


4,5 


Operating temperature 




-20 to +75 


<c 




Storage temperature 


T stg 


-55 to +125 







Notes: 1 . If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 

2. Based on GND-0V. 

3. Applies to input terminals (except V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R) and I/O 
terminals at high impedance. 

4. Applies to V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R. 

5. Apply the same value of voltages to V1 L and V1 R, V2L and V2R, V5L and V5R, V6L and V6R, 
Vee (23 pin) and V EE (58 pin) respectively. 

Maintain Vcc £ V1L « V1R > V6L ■ V6R £ V5L - V5R > V2L « V2R > V^ 
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Pin Arrangement 



C»)5rW<ONOOO)OT-(MCO^lO(OSOOO)OT-CM 

X22 m 0X43 

X21 QQ 0X44 

X20 pH 0X45 

X19 5] 0X46 

X18 pp 0X47 

X17 Op 0X48 

X16 Dp 0X49 

X15 [Jj 0X50 

X14 Q|j 0X51 

X13 EH 0X52 

X12 0X53 

X11 Gjl 0X54 

X10 QIJ p38lX55 

X9 P 12 X56 

X8 m HD61203 Bg X57 

X7 [|y (FP-100) |§X58 

X6 @ X59 

X5 1 X60 

X4 |1] X61 

X3 |§] X62 

X2 gO X63 

X1 X64 

Vee 0V EE 

V6L El [57] V6R 

V5L S§] 0V5R 

V2L IS 0V2R 

V1L 13 0V1R 

V C c 0TH 

DL H] CL2 

FS 111 El] CL1 

I . .. .. .. .. .. .. .. .. .. ■■ .. ,. .. I 

y— cm lm -j Q t r% 2E CO 

COCO o o cc F x z O g CM y- o cc ^. o o oc 

QQOZCCZ O|C0 CO (!) Z 2 Q qZL^ZLlQ 

(Top View) 
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X19 [T 
X18 [T 

xi7 Q[ 

X16 [T 

xis Q[ 

X14 E 
X13 [7 
X12 (T 
X11 [T 

xio Bo 

X9 E 
X8 Ql 
X7 [13 

X6 02 

xs m 

X4 m 
X3 Q7 
X2 [18 

xi E| 

VEE [20 
V6L |T 
V5L [22 
V2L [23 
V1L [24 

vcc m 




HD61203TFIA 
(TFP-100) 



(fl r N O O CC 

ffi 8 2 S 



o cc ip 

Z O H - 



L^lsllidlsJlMJliJlsJ 



H1X45 
13X46 

H*47 
7|]X48 
7T]X49 
70]X50 
H X51 
68]X52 
67]X53 
HX54 
65]X55 
13X56 

H]X57 
HX58 
13 X59 
1H X60 
HX61 
1U X62 
13X63 

5|]X64 
1U VEE 
13 V6R 
ID V5R 
HI V2R 

m vir 



u 

U. O 



^ CNi I 



(Top View) 
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Electrical Characteristics 
DC Characteristics 

(V CC = 5 V ± 10%, GND = V, V C c - V EE = 8.0 to 17.0 V, Ta = -20 to +75°C) 



Specifications 



Test Item 


Symbol Mln 


Typ 


Max 


Unit 


Test Conditions 


Note 


Input high voltage 


V| H 


0.7xVcc 




Vcc 


V 




1 


Input low voltage 


V, L 


GND 




0.3 x Vcc 


V 




1 


Output high voltage 


VoH 


Vcc-0.4 


— 




V 


•oh " -0- 4 m A 


2 


Output low voltage 


Vol 






0.4 


V 


Iql - 0.4 mA 


2 


Vi-Xj on resistance 


Ron 




_ 


1.5 


kft 


Vcc-V EE «17V 
Load current 
±150 uA 


13 


Input leakage current 


'lL1 


-1.0 


— 


1.0 


uA 


Vin-OtoVcc 


3 


Input leakage current 


l|L2 


-2.0 




2.0 


uA 


Vin « Vee to Vcc 


4 


Operating frequency 




50 


— 


600 


kHz 


In master mode 
external clock 
operation 


5 


Operating frequency 


fopr2 


0.5 




1500 


kHz 


In slave mode 
shift register 


6 


Oscillation frequency 


fosc 


315 


450 


585 


kHz 


Cf«20pF±5% 
Rf-47kQ±2% 


7,12 


Dissipation current 
(D 


■ggi 






1.0 


mA 


In master mode 
1/128 duty cycle 
Cf-20pF 
Rf »47kU 


8,9 


Dissipation current 
(2) 


! GG2 






200 


uA 


In slave mode 
1/128 duty cycle 


8, 10 


Dissipation current 


! EE 






100 


uA 


In master mode 
1/128 duty cycle 


8, 11 



Notes: 1 . Applies to input terminals FS, DS1 , DS2, CR, SHL, M/S, and FCS and I/O terminals DL, M, DR, 
and CL2 in the input state. 

2. Applies to output terminals, o1 , o2, and FRM and I/O common terminals DL, M, DR, and CL2 in 
the output state. 

3. Applies to input terminals FS, DS1 , DS2, CR, STB, SHL, M/S, FCS, CL1 , and TH, I/O terminals 
DL, M, DR, and CL2 in the input state and NC terminals. 

4. Applies to V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R. Donl connect any lines to X1 to 
X64. 

5. External clock is as follows. 
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External clock 
waveform 




External 

clock -] Open Open 
I CR R C I 



Duty Cycle « 



TH 
TH + TL 



x 100% 





Min 


Typ 


Max 


Unit 


Duty 
cycle 


45 


50 


55 


% 


*rcp 






50 


ns 


tfcp 






50 


ns 



6. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 

7. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is tw ' ce as mucn as the frequency (fo) at o1 or o2. 



Cf 

"^-|R f 



CR R C 
01, 02 



Cf-20 pF 

Rf «47kQ f osc «2xfo 

8. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at V )H * V C c and V| L * GND. 

9. This value is specified for current flowing through GND in the following conditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, 5TB, and FCS is 
connected to V cc and each of CL1 and TH to GND. Oscillator is set as described in note 7. 

1 0. This value is specified for curren t flow ing through GND under the following conditions: Each 
terminals of DS1 , DS2, FS, SHL, STB, FCS, and CR is connected to Vcc. CL1 , TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and 
DL of the HD61203 under the condition described in note 9. 

1 1 . This value is specified for current flowing through V EE under the condition described in note 9. 
Donl connect any lines to terminal V. 

12. This figure shows a typical relation among oscillation frequency, Rf and Cf. Oscillation 
frequency may vary with the mounting conditions. 




50 100 

Rf (to) 
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1 3. Resistance between terminal X and terminal V (one of V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, 
and V6R) when bad current flows through one of the terminals X1 to X64. This value is 
specified under the following conditions: 

V CC -V EE -17V 
V 1L" ^R.V 6L .V 6R .V cc -1/7(V C(r V EE ) 
V 2L - V 2 R . V 5L - V 5R « V EE +1/7 (V ccr V EE ) 




o Terminal X 
(X1 to X64) 



The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to V1L = V1R and V6L » V6R and negative voltage to V2L = V2R and V5L = V5R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage V C c -Vee- 



AV 



AV 



-V CC 

- VI (V 1L -V 1R ) 
-V6(V 6L -V 6R ) 



—3.5 
> 



■V5(V 5L .V 5R ) 

: V2(V 2L .V 2R ) 
V EE 



Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 



Correlation between Power 
Supply Voltage vqq- V ee and AV 
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Terminal Configuration 

Input Terminal 



Vcc 

HHpmos 



Applicable Terminals : 

CR, M/S, SHL, FCS f DS1, DS2, FS 



HHnmos 



I/O Terminal 



Applicable Terminals: DL, DR, CL2, M 



(Input circuit) 
PMOS 




Enable 



Data 

Output circuit 
(tristate) 



Output Terminal 




Applicable Terminals: o1, 02, FRM 



Output Terminal 



PMOS 



- r P ' mv ~ OV1L, V1R 

Vcc 

-T" 1 PMQS O V6L, V6R 

Vcc 



NMOS 



O V5L, V5R 



-T- 

Vee 



NMOS 



O V2L, V2R 



Applicable Terminals: 
X1 toX64 
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AC Characteristics (V CC = 5 V ± 10%, GND = V, Ta = -20 to +75°C) 
In the slave mode (M/S = GND) 



CL2 o.; 
(FCS-GND) , 
(Shift clock) 



CL2 

(FCS.Vcc) 
(Shift clock) 



).3Vcc \ / \ t WLCL2L j ' tWLCL2H \ 




DL (SHL-Vcc) 
DR (SHL - GND) 
Input data 



tDS 



/ tWHCL2H \ ^ ^ / 

J' 1 \tyyHCL2L / 



tDD 



DR (SHL- V CC ) 
DL (SHL -GND) 
Output data 



tDH 



K0.7 
tDHW 



•7V CC 
Vcc 



X 



Vcc 
Vcc 



X 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


CL2 low level width (FCS-GND) 


*WLCL2L 


450 






ns 




CL2 high level width (FCS-GND) 


*WLCL2H 


150 






ns 




CL2 tow level width (FCS-Vcc) 


1WHCL2L 


150 






ns 




CL2 high level width (FCS-V CC ) 


t WHCL2H 


450 






ns 




Data setup time 


tDS 


100 






ns 




Data hold time 




100 






ns 




Data delay time 


tDD 






200 


ns 


1 


Output data hold time 


tDHW 


10 






ns 




CL2 rise time 


tr 






30 


ns 




CL2 fall time 


tf 






30 


ns 





Notes: 1 . The following load circuit is connected for specification 

1 



Output q_ 
Terminal 



30 pF (Includes jig capacitance) 



620 



HITACHI 



HD61203 



2. In the master mode (M/S « Vcc, FCS - Vcc. Cf - 20 pF, Rf - 47 Wl) 



CL2 



a7Voo \i . twcL2L .iy f! twcL2H X / 

tDH tDH 



DL (SHL - Vcc) 
DR (SHL-GND) 



DR (SHL -Vcc) 
DL (SHL-GND) 



FRM 



M 



tDFRM- 



jps 

/ 0.3V C 
tDD 



0.7Vcc 
3Vcc 



\ V 

tDD 



0.7Vcc 
.3V CC 



0.7Vcc 
: 0.3Vcc 



-tDFRM 



tDM 



An 



l.7V C c 
).3V CC 



02 



tf t r 



tWolH 




tW0U tpi2 




7Vcc 
5V CC 
.3V CC 



tD21 



tWe2H 




tf tw02Lt r 



0.7V C C 
0.5V C C 
0.3V C C 
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Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Data setup time 


tos 


20 


— 


— 


V* 


Data hold time 


*DH 


40 


— 


— 


\is 


Data delay time 


*OD 


5 


— - 


— 


U.S 


FRM delay time 


*DFRM 


-2 


— 


2 


US 


M delay time 


*DM 


-2 


— 


2 


U.S 


low level width 


twCI^L 


35 


— 


— 


flS 


Ci_2 high level width 


twCL2H 


35 


— 


— 


\LS 


01 low level width 


tW0lL 


700 


— 


— 


ns 


02 low level width 


*W02L 


700 


— 


— 


ns 


e1 high level width 


*W01H 


2100 


— 


— 


ns 


02 high level width 


tW02H 


2100 


— 


— 


ns 


0I-02 phase difference 


*D12 


700 






ns 


02-01 phase difference 


*D21 


700 






ns 


01 , 02 rise time 


tr 






150 


ns 


o1, 02 fall time 


tf 






150 


ns 
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v C c- 

GND- 

v E e- 



CL1 ■ 
TH 

DL« 



SHL- 
STB" 



V2L V6L 
V1L V5L 



Logic" 



64 output terminals 
X1 X2 



V2R V6R 
X62 X63 X64 V1R V5R 



Oscillator 



Rf Cf 



Liquid crystal display 
driver circuits 



Bidirectional shift 
register 



62 



63 



64 



Timing generation circuit 



Logic 



M/S FS DS1DS2 01 02 



Logic" 



Logic 



*DR 



•FCS 

-CL2 
-FRM 



HD61203 



Block Functions 
Oscillator 

The CR oscillator generates display timing signals and operating clocks for the HD61202. It is required 
when the HD61203 is used with the HD6120 2. An oscillation resister Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminals R and C. 




Figure 1 Oscillator Connection with HD61202 

The oscillator is not required when the HD61203 is used with the HD61830. Then, connect terminal CR to 
the high level and don't connect any lines to terminals R and C (figure 2). 



4- 


CR 


c I 




\ 


1 


Open 


Vcc 


Open 



Figure 2 Oscillator Connection with HD61830 



Timing Generator Circuit 

The timing generator circuit generates display timing and operating clock for the HD61202. This circuit is 
required when the HD61203 is used with the HD61202. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals Fs, DS1, and DS2 to high level and M/S to low level (slave 
mode). 

Bidirectional Shift Register 

A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to XI and the highest order bit on the DR 
side corresponds to X64. 
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Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5 and V6 to be transferred to the output terminals (table 1). 

Table 1 Output Levels 

Data from the 



Shift Register 


M 


Output Level 


1 


1 


V2 





1 


V6 


1 





V1 








V5 
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HD61203 Terminal Functions 




Terminal 
Name 


Number of I/O 
Terminals 


Connected 
to 


Function 


Vcc 
GND 
Vee 


1 
1 
2 


Power 
supply 


Vcc-GND: Power supply for internal logic. 
Vcc-Vee- Power supply for driver circuit logic. 


V1L.V2L 
V5L, V6L 
V1R.V2R 
V5R.V6R 


8 


Power 
supply 


Liquid crystal display driver level power supply. 
V1 L (V1 R), V2L (V2R): Selected level 

V5l V6I fVfiRV Non-salaried level 

V9L ^V9n|| VOL. \v\Jt\J. Willi 'OOlOVlOU lOVtfl 

Voltages of the level power supplies connected to V1 L and 
V1R should be the same. (This applies to the combination 
of V2L & V2R, V5L & V5R and V6L & V6R respectively) 


M/S 


1 I 


Vcc or GND 


Selects master/slave. 



M/S - V cc : Master mode 

When the HD61203 is used with the HD61202, timing 
generation circuit operates to supply display timing signals 
and operation clock to the HD61202. Each of I/O common 
terminals DL, DR, CL2, and M is in the output state. 

M/S - GND: Slave mode 

The timing operation circuit stops operating. The HD61203 
is used in this mode when combined with the HD61830. 
Even if combined with the HD61202, this mode is used 
when display timing signals (M, data, CL2, etc.) are 
supplied by another HD61203 in the master mode. 

Terminals M and CL2 are in the input state. 

When SHL is Vcc. DL is in the input state and DR is in the 

output state. 

When SHL is GND, DL is in the output state and DR is in 
the input state. 

FCS 1 I Vcc or GND Selects shift clock phase. 

FCS » Vcc' Shift register operates at the rising edge 
of CL2. Select this condition when 
HD61203 is used with HD61202 or when 
MA of the HD61 830 connects to CL2 in 
combination with the HD61 830. 

FCS - GND: Shift register operates at the fall of CL2. 
Select this condition when CL1 of 
HD61830 connects to CL2 in combination 
with the HD61830. 

FS 1 I Vcc or GND Selects frequency. 

When the frame frequency is 70 Hz, the oscillation 
frequency should be: 

fosc- 430 kHz at FCS -Vcc 
W- 215 kHz at FCS -GND 

This terminal is active only in the master mode. Connect it 
to Vcc in tne s,ave mode. 
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HD61203 Terminal Functions (cont) 

Terminal Number of I/O Connected 

Name Terminals to Function 



DS1.DS2 2 


I Vqc or GND Selects display duty factor 










Display Duty Factor 1/48 


1/64 


1/96 


1/128 




DS1 GND 


GND 


Vcc 


Vcc 




DS2 GND 


Vcc 


GND 


Vcc 



CL1 1 



These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 



STB 1 I Vcc or GND Input terminal for testing 

TH 1 



Connect to STB Vcc- 
Connect TH and CL1 to GND. 



CR, R,C 3 Oscillator. 

In the master mode, use these terminals as shown bebw: 



Internal oscillation External clock 

External 

■yyy T ||! , Open Cloc k Open 



[R CR C|| R CR C| 

In the slave mode, stop the oscillator as shown below: 
Open Vcc Open 

|R CR C| 



01 , 02 2 O HD61 202 Operating clock output terminals for the HD61 202. 

Master mode: Connect these terminals to terminals e1 
and 02 of the HD61202 respectively. 

Slave mode: Donl connect any lines to these 
terminals. 

FRM 1 O HD61202 Frame signal. 

Master mode: Connect this terminal to terminal FRM of 
theHD61202. 

Slave mode: Donl connect any lines to this terminal. 

M 1 I/O MB of Signal to convert LCD driver signal into AC. 



HD M 1 f 3 ° Master mode: Output terminal. 

~ Connect this terminal to terminal M of the 

HD61202 HD61202 

Slave mode: Input terminal. 

Connect this terminal to terminal MB of 
the HD61830. 
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HD61203 Terminal Functions (cont) 



Terminal Number of I/O Connected 

Name Terminals to Function 



CL2 



I/O 



CL1 or MA of 
HD61830or 
CLof 
HD61202 



Shift clock 

Master mode: Output terminal 

Connect this terminal to terminal CL of 
the HD61202. 

Slave mode: Input terminal 

Connect this terminal to terminal CL1 or 
MA of the HD61830. 



DL.DR 



I/O Open or FLM Data I/O terminals of bidirectional shift register. 



of HD61830 



DL corresponds to X1 's side and DR to X64's side. 

Master mode: Output common scanning signal. Dont 
connect any lines to these terminals 
normally. 

Slave mode: Connect terminal FLM of the HD61 830 to 
DL (when SHL * Vcc) or DR (when SHL * 
GND) 

M/S Vcc GND 



SHL 


Vcc 


GND 


Vcc 


GND 


DL 


Output 


Output 


Input 


Output 


DR 


Output 


Output 


Output 


Input 



NC 



Open Not used. 

Donl connect any lines to this terminal. 



SHL 



Vcc or GND 



Selects shift direction of bidirectional shift register. 
SHL Shift Direction Common Scanning Direction 



*cc 



DL->DR 



X1 -*X64 



GND 



DL<-DR 



X1 <~X64 



X1-X64 64 



Liquid 

crystal 

display 



Liquid crystal display driver output. 

Output one of the four liquid crystal display driver levels 
V1 , V2 f V5, and V6 with the combination of the data from 
the shift register and M signal. 



M 



1 



r 



Data I 1 I I 1 I r 
Output | V2 | V6 | V1 | V5 



When SHL is Vcc, X1 corresponds to COM1 and X64 
corresponds to COM64. 

When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. 
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H: v cc 1 

°° } Fixed 
L: GND * 



means -open". 



Rf: Oscillation resistor 
Cf : Oscillation capacitor 



M/S TH CL1 FCS FS DS1 DS2 STB CR R C 



01 



♦2 



FRM 



CL2 SHL 



DL 



DR 



X1-X64 



52 

ON 
H* 
N> 
O 

n 

© 
p 

B 

« 

I 



A LLLLHHHHH — 



from MB from CL1 

of of 
HD61830 HD61830 



from FLM 
of 

HD61830 



— COM1-COM64 



from FLM 

of COM64-COM1 
HD61830 



B L L LH HHHHH — 



from MB from MA 

of of 
HD61830 HD61830 



from FLM to DL/DR 

of of HD61203 COM1-COM64 
HD61830 No. 2 

to DL/DR from FLM 
ofHD61203 of COM64-COM1 
No. 2 HD61830 



C LLLHHHHHH — 



from MB from MA 

of of 
HD61830 HD61830 



from DL/DR 
of HD61203 
No.1 



— COM65-COM128 



from DL/DR 

of HD61203 COM128-COM65 
No.1 



D H L L H H 



L L 
or 
L H 



Rf Rf to 01 to 02 to FRM to M to CL 

of of of of of 

Cf Cf HD61202 HD61202 HD61202 HD61202 HD61202 



— COM1-COM64 



— COM64-COM1 



toM 
of 



toCLof 
HD61202 



L L Rf Rf to 41 to 02 to FRM 
H L L H H or H of of of , irv _ . A _ _ . 

I u Cf Cf HD61202 HD61202 HD61202 tSSlSS to CL2of 

HD61203 HD61203 



to DL/DR 

H — of HD61203 COM1-COM64 

No. 2 



to DL/DR 
of HD61203 
No. 2 



— COM64-COM1 



F LLLHHHHHH — 



from M from CL2 

of of 

HD61203 HD61203 
No. 1 No. 1 



from DL/DR 
of HD61203 
No.1 



— COM1-COM64 



from DL/DR 

of HD61203 COM64-COM1 
No.1 
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Outline of HD61203 System Configuration 

1. Use with HD61830 

a. When display duty ratio of LCD is 1/64 



HD61830 



No. 1 







COM1 
COM64 



LCD 



One HD61 203 drives 
common signals. 



Refer to 

Connection list A. 



HD61830 



HD61830 



ZL 



LCD 



No. 1 



No. 1 



No. 2 



COM1 


Upper 


COM64 


COM1 


Lower 


COM64 




LCD 


COM1 


Upper 


COM64 


COM1 


Lower 


COM64 



One HD61 203 drives 
common signals for 
upper and lower 
panels. 



Two HD61 203s drive 
upper and lower 
panels separately 
to ensure the 
quality of display. 
No. 1 and No. 2 
operate in parallel. 



Refer to 

Connection list A. 



For both of No. 1 
and No. 2, refer to 
Connection list A. 



b. When display duty ratio of LCD is from 1/65 to 1/128 



HD61830 




HD61830- 



No.3 

I 



No. 2 



3. 



COM1 
COM 128 


Upper 


COM1 
COM 128 


Lower 



No. 1 
I 



No. 2 



No. 4 



LCD 



COM1 
COM 128 


Upper 


COM1 
COM 128 


Lower 



Two HD61203S 
connected serially 
drive common signals. 



Two HD61203S 
connected serially 
drive upper and 
lower panels in 
parallel. 



Two sets of 
HD61203S connected 
serially drive upper 
and lower panels in 
parallel to ensure 
the quality of 
display. 



Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 



Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 



Refer to Connection 
list B for No. 1 
and 3. 

Refer to Connection 
list C for No. 2 
and 4. 
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2. Use with HD61202 (1/64 duty ratio) 



No. 1 







COM1 
COM64 



LCD 



HD61202 



-HD61202 LCp 



-^HD61202 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



One HD61 203 drives 
common signals and 
supplies timing 
signals to the 
HD61202S. 



One HD61203 drives 
upper and lower 
panels and supplies 
timing signals to 
the HD6 1202s. 



Refer to 

Connection list D. 



Refer to 

Connection list D. 



-HD61202 



No. 1 



LCD 



No. 2 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



HD61202 



Two HD61 203s drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. 1 supplies 
timing signals to 
No. 2 and the 
HD6 1202s. 



Refer to 

Connection list E 
for No. 1. 

Refer to 

Connection list F 
for No. 2. 
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Connection Example 1 

Use with HD61202 (RAM type segment driver) 
a. 1/64 duty ratio (See Connection List D) 



Cf 
Rf 



+5V 



jVcc) 







_R3^V1 


R1 i 




Li R ^v ve 


R1 ; 




R3 




R2: 


tUsl R3 


R1i 


t L|^|R3V5 


R1i 




R2M/2 






V E E 



-10 Vo- 
OVo- 



2?< 



Contrast 



Open • 
Open • 



C 

CR 
R 

V C C 
V1L, V1R 

V6L, V6R 



V5L, V5R 

V2L, V2R 
V E E 

GND 

DL 
DR 



I 

it 

-j 
x 

CO 
CO 
W 



s 

CM 
CO 

o 

X 



X1 
(X64) 

X64 
(X1) 



M 
CL2 
FRM 
01 
02 

SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



V C C 



COM1 



5 



LCD panel 



COM64 



M 

CL 

FRM 

01 

02 



HD61202 

DC DC DC DC 
-J-J-J-f OQ w 



TT 



V1V3V4V2 OQ uj 



R3 -15 Q 



Figure 1 Example 1 

Note: The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1/9, the values of R1 and R2 should satisfy 



R1 



4R1 + R2 



For example, 

R1 -3kQ,R2-15kQ 
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Figure 2 Example 1 Waveform (RAM Type, 1/64 Duty Cycle) 
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Connection Example 2 

Use with HD61830 (Display controller) 

a. 1/64 duty ratio (See Connection List A) 



Open- 

v cc — 

Open- 





rvco 




V1 - 


a> 


V6- 


a 
E 




co 




X 

ill 




c 




o 

1 


V5- 


c 
c 


V2- 


8 

<J> 




<J> 
CO 






V EE - 




GND- 







Open • 
Open ■ 
Open • 



C 

CR 

R 

V C C 

V1L.V1R | 

V6L, V6R JJ 
x 

CO 

TS 

V5L.V5R ~ 



V2L.V2R co 
8 



8 



GND 



FRM 

01 

02 



X1 
(X64) 

5 

X64 
(X1) 



M 

CL2 
DL(DR) 



™ DR(DL) 



SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



5 



COM1 



COM64 



LCD panel 



-Open 

v C c 



MB 




CL1 


HD61830 


FLM 






(Display Controller) 



Figure 3 Example 2 (1/64 Duty Ratio) 
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Figure 4 Example 2 Waveform (1/64 Duty Ratio) 
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b. 1/100 duty ratio (See Connection List B,C) 



® 

CL 

E 

c 
.2 

II 

c 
c 

3 
S 

CO 



vcc- 

V1 - 
V6- 

V5- 
V2- 



\ 



vee- 

GND- 



o S 

a c 



FLM 
MA 



MB 



VCC 
Open ♦ Opi 

II f 



>en 



vcc 



V1L, V1R 
V6L, V6R 
V5L t V5R 
V2L, V2R 

V EE 

GND 2 



CC CC O 
O 



8 

CM 



C/) 

to 



SHL 
DS1 
DS2 
TH 
CL1 
FS 
M/S 
FCS 
STB 
X1 



3 
o 



S d ~ (X64)| 

CC -J ) 

Q Q, t 



CC 
Q 



X64 
(XI) 



Open — 
Vcc— 



Open — 



Open 



3 
o 



V1L, V1R 
V6L, V6R 
V5L, V5R 
V2L, V2R 

v E e 

GND 1 



CC -J 

a a 

J DC 
Q Q 



X1 
(X64)T 



X36 
(X29) 



C 

CR 

R 



CO 

8 

CM 

CD . — 

Q O — 
X 2 w 



CO 



SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



COM1 



COM64 
COM65 

\ 

COM100 



LCD 
Panel 



VCC 
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V2 
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9A 
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a> 
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CD 
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Figure 6 Example 2 Waveform (1/100 Duty Ratio) 
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H D661 08 — 

(RAM-Provided 165-Channel LCD Driver 
for Liquid Crystal Dot Matrix Graphics) 



Description 

The HD66108T under control of an 8-bit MPU 
can drive a dot matrix graphic LCD (liquid-crystal 
display) employing bit-mapped display with support 
of an 8-bit MPU. 

Use of the HD66108T enables a simple LCD system 
to be configured with only a small number of chips, 
since it has all the functions required for driving the 
display. 

The HD66108T also enables highly-flexible display 
selection due to the bit-mapped method, in which one 
bit of data in a display RAM turns one dot of an LCD 
panel on or off. A single HD66108T can display a 
maximum of 100 x 65 dots by using its on-chip 165 
x 65-bit RAM. Also, by using several HD66108T's, 
a display can be further expanded. 
The HD66108T employs the CMOS process and 
TAB package. Thus, if used together with an MPU, it 
can provide the means for a battery-driven pocket- 
size graphic display device utilizing the low current 
consumption of LCDs. 



Features 

• Four types of LCD driving circuit configurations 
can be selected: 



• Seven types of multiplexing duty ratios can be 
selected: 1/32, 1/34, 1/36, 1/48, 1/50, 1/64, 1/66 
Notes: The maximum number of row outputs is 65. 

• Built-in bit-mapped display RAM: 10 kbits (165 x 
65 bits) 

• The word length of display data can be selected 
according to the character font: 8-bit or 6-bit 

• A standby operation is available 

• The display can be extended through a multi-chip 
operation 

• A built-in CR oscillator 

• An 80-system CPU interface: O = 4 MHz 

• Power supply voltage for operation: 2.7 V to 6.0 V 

• LCD driving voltage: 6.0 V to 15.0 V 

• Low current consumption: 400 ^lA max (at f^ = 
500 kHz, f^ is external clock frequency) 

Ordering Information 

Type No. Package 

HP66108T00 208 pin TCP 



Note: The details of TCP pattern are shown in 
"The Information of TCP" 



No. of 

Column No. of Row 
Configuration Type Outputs Outputs 



Column outputs only 


165 





Row outputs from the 


100 


65 (from left: 32, 


left and right sides 




from right: 33) 


Row outputs from the 


100 


65 


right side 1 






Row outputs from the 


132 


33 


right side 2 
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o 

CD 



t 

X 



CD 



< 

f 

CO* 
CO 



d 
3 



3 
Q. 

& 

CO 

i 

o 



CD 
O 



3 

o 



O 



g 



......... ..x 



S 
09 



Vee1 
V6L 
VML1 
V4 
V3 
VMH1 
VI L 
VCC1 
Vcc2 
OSC1 
OSC2 
GN01 
GND2 
GND3 
TEST1 
TEST2 
RESET 

% 

CL1 
FLM 

T$ 
.BE 
WR 
RO 
0B7 
DB6 
0B5 
0B4 
DB3 
DB2 
0B1 
DBO 
Vcc3 
Vcc4 
VI R 
VMH3 
VMH2 
VML2 
VML3 
V6R 
Vee2 



s 

1 


8 

158 


2 
3 




4 




5 
6 




7 




8 




9 




10 




11 




12 




13 




14 




15 




16 




17 




18 




19 




20 




21 




22 




23 




24 




25 




26 
27 




28 
29 




30 




31 




32 




33 
34 




35 




36 




37 




38 




39 




40 




41 




42 




43 


94 

8 



X50 



X 

d 



o 

CO 



o 

00 



HD66108 



Pin Description 



Classification 


No. 

of Pins 


Symbol 


I/O 


No. 

of Pins Function 


Power 


8, 9, 35, 36 


VccjI-V^ 




4 


Connect these pins to V cc . 


ouppiy 




va in u i —va in uo 




3 


Ground these pins. 




1,43 


V 1 V 2 
v EE i, v EE * 


- 


2 


These pins supply power to the LCD driving 
circuits and should usually be set to the V6 
level. 




37, 42 
4,5 

6, 39, 38 
3, 40, 41 


VOL, V 1 1_, 

V1R, V6R, 
V4, V3, 
VMH1-VMH3, 
VML1-VML3 




12 


Apply an LCD driving voltage V1 to V6 to 
these pins. 


CPU 
Interface 


23 




I 


1 


Input a chip select signal via this pin. A CPU 
can access the HD66108T's internal 
registers only while the CS signal is low. 




25 


WR 


I 


1 


Input a write enable signal via this pin. 




26 


RD 


I 


1 


Input a read enable signal via this pin. 




24 


RS 


I 




Innut a reaistar salact vicinal via this Din 




27-34 


DB0-DB7 


I/O 


8 


Data is transferred between the HD66108T 
and a CPU via these pins. 


LCD Driving 
Output 


44-208 


X0-X164 





165 


These pins output LCD driving signals. 
The X0-X31 and X100-X164 pins are 
column /row common pins and output row 
driving signals when so programmed. X32- 
X99 pins are column pins. 


LCD 
Interface 


21 


FLM 


I/O 


1 


This pin outputs a first line marker when the 
HD66108T is a master chip and inputs the 
sternal when the chin is a slave chin 




20 


CL1 


I/O 


1 


This pin outputs latch clock pulses of display 

Hata u/hon tha r»hin ic a master ohin anH 

inputs clock CL1 pulses when the chip is a 
slave chip. 




22 


M 


I/O 


1 


This pin outputs or inputs an M signal, which 
converts LCD driving outputs to AC; it 
outputs the signal when the HD66108T is a 
master chip and inputs the signal when the 
chip is a slave chip. 


Control 


10 


OSC1 


I 


1 


Input system clock pulses via this pin. 


Signals 


11 


OSC2 





1 


This pin outputs clock pulses generated by 
the internal CR oscillator. 




19 


CO 





1 


This pin outputs the same clock pulses as 
the system clock pulses, the OSC1 pin of a 
slave chip. 

Connect with the OSC1 pin of a slave chip. 




18 


M/S 


I 


1 


This pin specifies master/slave. Set this pin 
low when the HD66108T is a master chip 
and set high when the chip is a slave chip; 
must not be changed after power-on. 




17 


RESET 


I 


1 


Input a reset signal via this pin. Setting this 
pin low initializes the HD66108T. 




15,16 


TEST1, 
TEST2 


I 


2 


These pins input a test signal and should 
usually be set low. 
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Internal Block Diagram 
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MS- 



RESET- 

CO- 
OSC2- 
OSC1 ■ 
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Y decoder 



Row 
counter 



X address a- 



counter fr n 
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I/O buffer V 



Y address 
counter 



Timing 
generator 



Clock pluse 

frequency 

divider 



8- to 6-bit converter 
_ 



TTT 



X address 
register 



Y address 



Control 
register 



Mode 
register 



C select 
register 



MPX 



BUSY 



I/O controller 



m. 



Address 
^ H register 

ii, 



Hit 

CS WR RD RS 



MPX 



I/O buffer 



DB7-DB0 
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Register List 



Reg. No. Reg. Register Read 

CSRS2 1 Symbol Name Write 



Data Bit Assignment 




Notes: 1 . Shaded bits are invalid. Writing 1 or to invalid bits does not affect LSI operation. Reading 
these bits returns 0. 

2. DRAM is not actually a register but can be handled as one. 

3. Setting the WLS bit of control register to 1 invalidates D7 and D6 bits of the display memor 
register. 

4. DRAM must not be written to or read from until a time period of t CL1 has elapsed rewriting 
the DUTY bit of FCR or the FFS bit of MDR. t CL1 can be obtained from the following 
equation; in general, a time period of 1 ms or greater is sufficient if the frame frequency i 
60-90 Hz. 



*CL1 



D2 



(ms) — Equation 1 



Ni«f CLK (kHz) 

D2 (duty correction value 2) : 192 (duty = 1/32, 1/34, or 1/36) 

128 (duty = 1/48 or 1/50) 
96 (duty = 1/64 or 1/66) 
Ni (frequency-division ratio specified by the mode register's FFS bits) 

: 2, 1,1/2,1/3,1/4, 1/6, or 1/8 

Refer to "6. Clock and Frame Frequency.' 



Input clock frequency (kHz) 
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System Description 

The HD66108T can assign a maximum of 65 out 
of 165 channels to row outputs for LCD driving 
. It also incorporates a timing generator and display 
memory, which are necessary to drive an LCD. 

If connected to an MPU and supplied with LCD 
driving voltage, one HD66108T chip can be used 
to configure an LCD system with a 100 x 65 dot 
panel (figure 1). In this case, clock pulses should 
be supplied by the internal CR oscillator or the 
MPU. 



Using LCD expansion signals CL1, FLM, and M 
enables the display size to be expanded. In this case, 
LCD expansion signal pins output corresponding 
signals when pin M/S is set low for master mode 
and conversely input corresponding signals when 
pin M/S is set high for slave mode; LCD expansion 
signal pins of both master chip and slave chips must 
be mutually connected. Figure 2 shows a basic 
system configuration using two HD66108T chips. 



MPU 




LCD driving 
power supply 



Figure 1 Basic System Configuration (1) 
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MPU 



Control bus 



Data bus 



265 x 65-dot LCD 



/ 65-row 
\ output 




HD66108T 
(Master chip) 




HD66108T 
(Slave chip) 



LCD expansion signals 



LCD driving 
power supply 



Figure 2 Basic System Configuration (2) 
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Functional Description 

1. Display Size Programming 

A variety of display sizes can be programmed by 
changing the system configuration and internal 
register settings. 

(1) System Configuration Using 1 HD66108T 
Chip 

When the 65-row-output mode is selected by internal 
register settings, a maximum of 100 dots in the X 
direction can be displayed (figure 3 (a)). Display 
size in the Y direction can be selected from 32 , 
34, 36, 48, 50, 64 , and 65 dots according to display 
duty setting. Note that Y direction settings does not 
affect those in the X direction (100 dots). 

When the 33-row-output mode is selected by internal 
register settings, a maximum of 132 dots in the X 
direction can be displayed (figure 3 (b)). 

Table 1 shows the relationship between display 



sizes and the control register's (FCR) ROS and 
DUTY bits. ROS and DUTY bit settings determine 
the function of X pins. For more details, refer to 
" 4.1 Row Output Pin Selection." 

(2) System Configuration Using 1 HD66108T 
Chip and 1 HD61203 Chip as Row Driver 

A maximum of 64 dots in the Y direction and 165 
dots in the X direction can be displayed. 48 or 64 
dots in the Y direction can be selected by HD61203 
pin settings (figure 3 (c)). 

(3) System Configuration Using 2 or more 
HD66108T Chips 

X direction size can be expanded by 165 dots per 
chip. Figure 3 (d) shows a 265 x 65-dot display. 
Y direction size can be expanded up to 130 dots 
with 2 chips; a 100 x 130-dot display provided by 
2 chips is shown in figure 3 (e). 



Table 1 Relationship between Display Size and Register Settings (No. of Dots) 

Duty Bit Setting (Multiplexing Duty Ratio) 



(X0-X164 Pin Function) 


1/32 


1/34 


1/36 


1/43 


1/50 


1/64 


1/66 


165-column-output 


Specified by a row < 


driver 
















65-row-output from the 


X: 100 


X:100 


X: 100 


X: 


100 


X: 100 


X: 


100 


X: 


100 


right side 


Y:32 


Y:34 


Y:36 


Y: 


48 


Y: 50 


Y: 


64 


Y: 


65 


65-row-output from the 


X: 100 


X: 100 


X: 100 


X: 


100 


X:100 


X: 


100 


X: 


100 


left and right sides 


Y: 32 


Y:34 


Y:36 


Y: 


48 


Y:50 


Y: 


64 


Y: 


65 


33-row-output from the 


X: 132 


X: 132 


X: 132 


X: 


132 


X: 132 


X: 


132 


X: 


132 


right side 


Y:32 


Y: 33 


Y: 33 


Y: 


33 


Y: 33 


Y: 


33 


Y: 


33 
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t X: 100 dots 



-X: 132dots- 



T 



Y: 65 
dots 



T 

Y: 33 
dots 



r 



(b) Configuration Using 1 HD66108T Chip (2) 
(33-Row Output from the Right Side) 



(a) Configuration Using 1 HD66108T Chip (1) 
(65-Row Output from the Right Side) 



X: 165 dots- 



T 

Y: ( 

r 



Y: 64 
dots 



(c) Configuration Using 1 HD66108T Chip and 1 HD61203 as Row Driver 
(165-Column Output) 



-X: 265 dots 



Area displayed by 


I Area displayed by 


chip 1 


I chip 2 



(d) Configuration Using 2 HD66108T Chips (1) 
X: 100 dots N 



Area displayed by 
chip 1 



Area displayed 
by chip 2 



Y: 130 
dots 



(e) Configuration Using 2 HD66108T Chips (2) 



T 



Y: 65 
I dots 



Figure 3 Relationship between System Configurations and Display Sizes 
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2. Display Memory Construction and Word 
Length Setting 

The HD66108T has a bit-mapped display memory 
of 165 x 65 bits. As shown in figure 4, data from 
the MPU is stored in the display memory, with the 
MSB (most significant bit) on the left and the LSB 
(least significant bit) on the right. 

The sections on the LCD panel corresponding to 
the display memory bits in which l's are written 
will be displayed as on (black). 

Display area size of the internal RAM is determined 
by control register (FCR) settings (refer to table 1). 

The start address in the Y direction for the display 
area is always YO, independent of the register setting. 
In contrast, the start address in the X direction is 
XO in the modes for 165-column-output, 65 -row- 
output from the right side, and 33-row-output from 



the right side, and is X32 in the 65-row-output mode 
from the left and right sides. 

Each display area contains the number of dots shown 
in table 1, beginning from each start address. 

For more detail, refer to " 4.2 Row Output Data 
Setting, " figures 15 to 19. 

In the display memory, one X address is assigned 
to each word of 8 or 6 bits long in X direction. 
(Either 8 or 6 bits can be selected as word length 
of display data.) Similarly, one Y address is assigned 
to each row in Y direction. 

Accordingly, X address 20 in the case of 8-bit word 
and X address 27 in the case of 6-bit word have 
5 and 3 bits of display data, respectively. 
Nevertheless, data is also stored here with the MSB 
on the left (figure 5). 
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Display on 



COM1 
COM2 




COM65 



165x65 -dot LCD 



X0X1 X2X3X4X5X6X7 



X164 



YO 



1|0|1|0|0| 


,|0|1| 


D87 


D80 


(MS8) 


(LSB) 




165 x 65 -bit 




display memory 



Y64 



Figure 4 Relationship between Memory Construction and Display 



X address 





($00) 


($01) 
1 


($02) 
2 


($12) 
18 


($13) ($14) 
19 20 


0($00) 


mini 












llll 


1($01) 


8 bit 






























62($3E) 
















63($3F) 

















(a) Address Assignment When 1 Word is 8 Bits Long 



X address 

($00) ($01 ) ($02) ($03) ($1 8) ($1 9) ($1 A)($1 B) 








1 


2 


3 


24 


25 


26 


27 


0($00) 


inn 
















II 


1($01) 


6 bit 







































62($3E) 
63($3F) 
Y address 



(b) Address Assignment When 1 Word is 6 Bits Long 
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3. Display Data Write 

3.1 Display Memory and Data Register Accesses 

(1) Access 

Figure 6 shows the relationship between the 
address register (AR) and internal registers 
and display memory in the HD66 1 08T. Display 
memory shall be referred to as a data register 
since it can be handled as other registers. 

To access a data register, the register address 
assigned to the desired register must be written 
into the address register's Register No.bits. 
The MPU will access only that register until 
the register address is updated. 

(2) Busy Check 

A busy time period appears after display 
memory read/write or X or Y address register 
write, since post-access processing is 
performed synchronously with internal clock 
pulses. Updating data in registers other than 
the address register is disabled during this 
time. Subsequent data must be input after 
confirming ready mode by reading the address 
register. The busy time period is a maximum 
of 8 clock pulses after display memory read/ 
write and a maximum of 1 .5 clock pulses after 
X or Y address register write (figure 7). 



(4) Limitations on Access 
As shown in figure 9, the display memory must not 
be rewritten until a time period of t^, or longer 
has elapsed after rewriting the control register's 
DUTY bits or the mode register's FFS bits. However, 
display memory and registers other than the control 
register and mode register can be accessed even 
during this time period, t^, can be obtained from 
the following equation. If using an LSI with a frame 
frequency of 60 Hz or greater, a time period of 1 
ms should be sufficient. 



U, =- 



D2 



Nif^CkHz) 



(ms) 



Equation 1 



D2 ( duty correction value 2 ) : 

192 ( duty = 1/32, 1/34, or 1/36) 
128 ( duty = 1/48 or 1/50 ) 
96 ( duty = 1/64 or 1/66 ) 

Ni ( frequency-division ratio specified by the mode 
register's FFS bits ) 

: 2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 
f CLK : Input clock frequency (kHz) 



(3) Dummy Read 

When reading out display data, the data which 
is read out immediately after setting the X and 
Y addresses is invalid. Valid data can be read 
out after one dummy read, which is performed 
after setting the X and Y addresses desired 
(figure 8). 
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Registers accessible with pin RS = 
Address register 



Bit 


7 


6 


5 


4 


3 


2 1 














Register No. 



Registers accessible with pin RS = 1 
Data registers 



Register No. 



= 1 



Display 




X address 




Y address 




Control 




Mode 




C select 


memory 




register 




register 




register 




register 




register 



Figure 6 Relationship between Address Register and Register No. 
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Figure 7 Relationship between Clock Pulses and Busy Time ( Updating Display Data ) 
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C 



Rewriting DUTY or FFS bits 



3 



Accessing other registers 



c 



Rewriting display memory 



*CL1 or ' on 9 er 



Figure 9 Rewriting Display Memory after Rewriting Registers 



3.2 X and Y Address Counter Auto-Incrementing 
Function 

As described in "2. Display Memory Construction 
and Word Length Setting, " the HD66108T display 
memory has X and Y addresses. Internal X address 
counter and Y address counter both employ an auto- 
incrementing function. After display data is read or 
written, the X or Y address is incremented according 
to the address increment direction selected by internal 
register. 



Although X addresses up to 20 are valid when 8 bits 
make up one word ( up to 27 when 6 bits make up one 
word ), the X address counter can count up to 3 1 since 
it is a 5-bit free counter. Similarly, although Y addresses 
up to 64 are valid, the Y address counter can count up 
to 127. Consequently, X or Y address must be re-set 
at an appropriate point as shown in figure 10. 
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X address counted 



r 



♦ 

1 

I 

2 



♦ 



Set address 
Write display data 



20— H Re-set X address 

♦ 

21 Dummy read/write 



31 



Valid addresses 



Invalid addresses 



(1) Example of X Address Counter Increment 
(Word Length: 8 bits) 



Y address counted 



♦ 



Set address 
Write display data 



31 - H Re-set Y address 
♦ 

32 Dummy read/write 



i 

127 
I 



Valid display area 



Invalid display area 



(2) Example of Y Address Counter Increment 
(Multiplexing duty ratio: 1/32) 



Figure 10 X/Y Address Counter Increment 
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4. SelectionforLCDDrivingCircuit Configuration 

4.1 Row Output Pin Selection 

The HD 66 1 08T can assign a maximum of 65 pins for 
row outputs among the 165 pins named X0-X164. 
The X0-X164 pins can be classified into four blocks 
labeled A, B, C, and D (figure 1 1 (a)). Blocks A, C, 
and D consist of row/column common pins and block 
B consists of column pins only. The output function 
of the LCD driving pins and the combination of 
blocks can be selected by internal registers. 

Figure 1 1 shows an example of 165-column-output 
mode. This configuration is useful when using more 
than 1 HD66108T chip or using the HD66108T as a 
slave chip of the HD61203. 

Figure 12 shows an example of 65-row-output mode 
from the right side. Blocks A and B are used for 
column output and blocks C and D (X100-X164 pins) 
for row output. This configuration offers an easy way 



of connecting row output lines in the case of using one 
or more HD66108T chips. 

Figure 13 shows an example of 65-row-output mode 
from the left and right sides. 32 pins of X0-X31 and 
33 pins of X132-X164 are used for row output here. 
This configuration offers an easy way of connecting 
row output lines in the case of using only one 
HD66108Tchip. 

Figure 14 shows an example of 33-row-output mode 
from the right side. Block D, i.e., X132-X164 pins, is 
used for row outputs. This configuration provides a 
means for assigning many pins to column outputs 
when 1/32 or 1/34 multiplexing duty ratio is desired. 

In all modes, it is row data and multiplexing duty ratio 
that determine which pins are actually used among the 
pins assigned to row output. Y values shown in table 
1 indicate the numbers of pins that are actually used. 
Pins not used must be left disconnected. 
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X100 X131 
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(a) LCD Driving Circuit Configuration 




HD66108T 



(b) System Configuration 



Figure 11 165-Column-Output Mode 
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(a) LCD Driving Circuit Configuration 




HD66108T 



(b) System Configuration 
Figure 12 65-Row-Output Mode from the Right Side 
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(a) LCD Driving Circuit Configuration 
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(b) System Configuration 



Figure 13 65-Row-Output Mode from the Left and Right Sides 



HITACHI 



657 



HD66108 



X32 X99 X132 X164 



Xo X31 

I t 




X100 X131 

t I 




Column driver 


Column driver 


Column driver 


Row driver 


Block A 


Block B 


Block C 


Block D 



(a) LCD Driving Circuit Configuration 




HD66108T 



(b) System Configuration 



Figure 14 33-Row-Output-Mode from the Right Side 
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4.2 Row Output Data Setting 

If certain LCD driving output pins are assigned to row 
output, data must be written to display memory for 
row output. The specific area to which this data must 
be written depends on the row-output mode and the 
procedure of writing row data to the display memory 
(0 or 1 to which bits?) depends on which X pin drives 
which line of the LCD. Row data area is determined 
by the control register's (FCR) ROS and DUTY bits 
and is identical to the protected area, which will be 
described below. (165-column-output mode has no 
protected area, thus requiring no row data to be 
written (figure 15).) 

Procedure of writing row data to the display memory 
is as follows. First, 1 must be written to the bit at the 
intersection between line Yj and line (column) Xi 
(column). Line Yj is filled with data to be displayed 
on the first line of the LCD and line Xi is connected to 
pin Xn, which drives the first line of the LCD. 
Following this, 0s must be written to the remaining 
bits on line Yj in the row data area. This rule applies 
to subsequent lines on the LCD. 

Table 2 shows the relationship between FCR settings 



and protected areas. 

Figure 16 shows the relationship between row data 
and display. Here the mode is 65-row output from the 
right side. Display data on Y0 is displayed on the first 
line of the LCD and data on Y64 is displayed on the 
65th line of the LCD. If XI 64 is connected to the first 
line of the LCD and X 1 00 is connected to the 65th line 
of the LCD, Is must be written to the bits on the 
diagonal line between coordinates (XI 64, Y0) and 
(X100, Y64) and 0s to the remaining bits. Row data 
protect function must be turned off before writing row 
data and be turned on after writing row data. Turning 
on the row data protect function disables read/write of 
display memory area corresponding to the row output 
pins, i.e., prevents row data from being destroyed. In 
figure 16, display memory area corresponding to pins 
X100 to X164 is protected. 

Figures 17 to 19 show examples of row data settings. 
Some multiplexing duty ratios result in invalid display 
areas. Although an invalid display area can be read 
from or written to, it will not be displayed. 



Table 2 Relationship between FCR Settings and Protected Areas 
Control Register (FCR) 



ROS LCD Driving Signal Output Pins Connected to 



PON 4 


3 


Mode 


Protected Area of Display Memory 


Figures 


1 





165-column 


No area protected 


15 


1 


1 


65-row (R) 


X100-X164 


16, 19 


1 1 





65-row (L/R) 


X0-X31 and X132-X164 


17 


1 1 


1 


33-row (R) 


X132-X164 


18 



65-row (R) : 65-row-output mode from the right side 
65-row (L/R) : 65-row-output mode from the left and right sides 
33-row (R) : 33-row-output mode from the right side 
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Control register ROS bit = 00 
DUTY bit -.101 

LCD driving voltages: 

VMH1 = V3, VML1 =* V4, 
VMH2 = V3, VML2 = V4, 
VMH3 = V3, VML3 = V4 



X31X32 



Row driver j 



LCD* 



165-column 
driver 

CP 



HD66108T 



X99X100 



X131 X132 
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4 bits + 3 bytes + 
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Figure 15 Relationship between Row Data and Display 

(165-Column Output, 1/64 Multiplexing Duty Ratio) 



HITACHI 



HD66108 



Control register ROS bit « 01 
DUTY bit- 110 

LCD driving voltages: 

VMH1 - V3, VML1 = V4, 
VMH2 - V2, VML2 = V5, 
VMH3 - V2, VML3 - V5 
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Figure 16 Relationship between Row Data and Display 

(65-Row Output from the Right Side, 1/66 Multiplexing Duty Ratio) 
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Control register ROS bit = 10 
DUTY bit » 110 

LCD driving voltages: 

VMH1 - V2, VML1 = V5, 
VMH2 - V3, VML2 . V4, 
VMH3 - V2, VML3 = V5 
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Figure 17 Relationship between Row Data and Display 

(65-Row Output from the Left and Right Sides, 1/66 Multiplexing Duty Ratio) 
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Control register ROS bit = 1 1 

DUTY bit = 001 
LCD driving voltages: 

VMH 1 = V3, VML 1 ^ V4, 
VMH2-V3, VML2 = V4, 
VMH3 = V2, VML3 = V5 
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Figure 18 Relationship between Row Data and Display 

(33-Row Output from the Right Side, 1/34 Multiplexing Duty Ratio) 
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Control register ROS bit » 01 

DUTY bit = 011 
LCD driving voltages: 

VMH1 = V3, VML1 = V4, 
VMH2-V2, VML2-V5, 
VMH3 = V2 f VML3-V5 
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Figure 19 Relationship between Row Data and Display 

(65-Row Output from the Right Side, 1/48 Multiplexing Duty Ratio) 
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4.3 LCD Driving Voltage Setting 

There are 6 levels of LCD driving voltages ranging 
from V 1 to V6; V 1 is the highest and V6 is the lowest. 
As shown in figure 20, column output waveform is 
made up of a combination of VI, V3, V4, and V6 
while row output waveform is made up of V 1 , V2, V5, 
and V6. This means that VI and V6 are common to 
both waveforms while mid- voltages are different 

To accommodate this situation, each block of the 
HD66108T is provided with power supply pins for 



mid- voltages as shown in figure 2 1 . Each pair of V 1 R 
and V1L and V6R and V6L are internally connected 
and must be applied the same level of voltage. Block 
B is fixed for column output and must be applied V3 
and V4 as mid-voltages. The other blocks must be 
applied different levels of voltages according to the 
function of their LCD driving output pins; if the LCD 
driving output pins are set for row output, VMHn and 
VMLn must be applied V2 and V5, respectively, 
while they must be applied V3 and V4, respectively, 
if the pins are set for column output (n = 1 to 3). 



Table 3 Relationship between FCR settings and LCD Driving Voltages 
Control Register (FCR) LCD Driving Voltage Pins 



ROS4ROS3 Mode 


VIR/VIL 


V3 


V4 


VMH1 


VML1 


VMH2 


VML2 VMH3 


VML3 


V6R/V6L 





165-column 


V1 


V3 


V4 


V3 


V4 


V3 


V4 


V3 


V4 


V6 


1 


65-row (R) 


VI 


V3 


V4 


V3 


V4 


V2 


V5 


V2 


V5 


V6 


1 


65-row (L/R) 


V1 


V3 


V4 


V2 


V5 


V3 


V4 


V2 


V5 


V6 


1 1 


33-row (R) 


V1 


V3 


V4 


V3 


V4 


V3 


V4 


V2 


V5 


V6 



65-row (R) : 65-row-output mode from the right side 
65-row (L/R) : 65-row-output mode from the left and right sides 
33-row (R) : 33-row-output mode from the right side 
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LCD driving output pins 
XO X31 X32 X99 X100 X131 X132- X164 



Block A 



Block B 



Block C 



Block D 



V1L V6L VMH1 VML1 V3 V4 VMH2 VML2 VMH3 VML3 V6R V1R 

LCD driving power supply pins 



Figure 21 Relationship between Blocks and LCD Driving Voltages 



5. Multiplexing Duty Ratio and LCD Driving 

Waveform Settings 
A multiplexing duty ratio and LCD driving waveform 
can be selected via internal registers. 

A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48, 1/ 
50, 1/64, or 1/66 can be selected according to the LCD 
panel used. However, since there are only 65 row- 
output pins, only 65 lines will be displayed even if 1/ 
66 multiplexing duty ratio is selected. 

There are three types of LCD driving waveforms, as 
shown in figure 22: A-type waveform, B-type 
waveform, and C-type waveform. 

The A-type waveform is called per-half-line inversion. 
Here, the waveforms of M signal and CL1 signal are 
the same and alternate every LCD line. 

The B-type waveform is called per-frame inversion; 
in this case, the M signal inverts its polarity every 



frame so as to alternate every two LCD frames. This 
is the most common type. 

The C-type waveform is called per-n-line inversion 
and inverts its polarity every n lines (n can be set as 
needed within 1 to 31 via the internal registers). The 
C-type waveform combines the advantages of the A- 
and B-types of waveforms. However, some lines will 
not be alternated depending on the multiplexing duty 
ratio and n. To avoid this, another C-type waveform 
is available which is generated from the EOR of the C- 
type waveform M signal mentioned above and the B- 
type waveform M signal. Since the relationship 
between n and display quality usually depends on the 
LCD panel, n must be determined by observing actual 
display results. 

The B-type waveform should be used if the LCD 
panel specifies no particular type of waveform. 
However, in some cases, the C-type waveform may 
create a better display. 
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Figure 22 LCD Driving Waveforms 

(Row Output with a 1/32 Multiplexing Duty Ratio) 
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6. Clock and Frame Frequency 



7. Display Off function 



An input clock with a 200-kHz to 4-MHz frequency 
can be used for the HD66 1 08T. Note that raising clock 
frequency increases current consumption although it 
reduces busy time and enables high-speed operations. 
An optimum system clock frequency should thus be 
selected within 200 kHz to 4 MHz. 

The clock frequency driving the LCD panel (= frame 
frequency) is usually 70 Hz to 90 Hz. Accordingly, 
the HD66108T is so designed that the frequency- 
division ratio of the input clock can be selected. The 
HD66108T generates around 80-Hz LCD frame 
frequency if the frequency-division ratio is 1. The 
frequency-division ratio can be obtained from the 
following equation. 



Ni = 



500 
80 



x Dl 



Ni : Frequency-division ratio 

f F : Frame frequency required for the LCD 

panel (Hz) 
i*clk : Input clock frequency (kHz) 
D 1 : Duty correction value 1 

Dl = 1 when multiplexing duty ratio is 1/32, 

1/48 or 1/64 

Dl = 32/34 when multiplexing duty ratio is 
1/34 

Dl = 32/36 when multiplexing duty ratio is 
1/36 

Dl = 48/50 when multiplexing duty ratio is 
1/50 

Dl = 64/66 when multiplexing duty ratio is 
1/66 

The frequency-division ratio nearest the value obtained 
from the above equation must be selected; selectable 
frequency-division ratios by internal registers are 2, 
1, 1/2, 1/3, 1/4, 1/6, and 1/8. 



The HD66 1 08T has a display off function which turns 
off display by rewriting the contents of the internal 
register. This prevents random display at power-on 
until display memory is initialized. 

8. Standby Function 

The HD66108T has a standby function provinding 
low-power dissipation. Writing a 1 to bit 6 of the 
address register starts up the standby function. 

The LCD driving voltages, ranking from VI to V6, 
must be set to V cc to prevent DC voltage from beging 
applied to an LCD panel during standby state. 

The HD66108T operates as follows in standby mode. 

(1) Stops oscillation and external clock input 

(2) Resets all registers to 0's except the STBY bit 

Here, note that the display memory will not preserve 
data if the standby function is turned on; the display 
memory as well as registers must be set again after the 
standby function is terminated. 

Table 4 shows the standby status of pins and table 5 
shows the status of registers after standby function 
termination. 

Writing a to bit 6 of the address register terminates 
the standby function. Writing values into the DISP 
and Register No. bits at this time is ignored; these bits 
need to be set after the standby function has been 
completely terminated. 

Figure 23 shows the flow for start-up and termination 
of the standby function and related operations. 



Table 4 Standby Status of Pins 


Pin 


Status 


OSC2 


High 


CO 


Low 


CL1 


Low (master chip) or high-impedance (slave chip) 


FLM 


Low (master chip) or high-impedance (slave chip) 


M 


Low (master chip) or high-impedance (slave chip) 


Xn (column output pins) 


V4 


Xn' (row output pins) 


V5 
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Table 5 Register Status after Standby Function Termination 
Register Name Status after Standby Function Termination 



Address register 


Reset to O's except for the STBY bit 


X address register 


Reset to O's 


Y address register 


Reset to O's 


Control register 


Reset to O's 


Mode register 


Reset to O's 


C select register 


Reset to O's 



Display memory Data not preserved 



Start-up ( Set the LCD driving voltages to V cc level ^ 



Set the STBY bit to 1 
(turn on the standby function) 



( Wait until external clock pulses stabilize ^ 1 



Termination / Set the STBY bit to 

I (turn off the standby function) 



^ Supply the LCD driving voltages ^ 

^ Set registers again ^ 

^ Wait for a time period of t CL1 or longer ^ 

Q Set the display memory again ^ 

( Set the DISP bit to 1 (turn on LCD) ) 



Notes: 1 . Not necessary in the case of using internal oscillation 
2. Refer to equation 1 (section 3.1). 

Figure 23 Start-Up and Termination of Standby Function and Related Operations 
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9. Multi-Chip Operation 

Using multiple HD66108T chips (= multi-chip 
operation) provides the means for extending the 
number of disply dots. Note the following items when 
using the multi-chip operation. 

(1) The master chip and the slave chips must be 
determined; the M/Spin of the master chip must 
be set low and the ti/S pin of the slave chips 
must be set high. 

(2) All the HD66108T chips will be slave chips if 
HD61203 or its equivalent is used as a row 
driver. 

(3) The master chip supplies the FLM, CL 1 , and M 
signals to the slave chips via the corresponding 
pins, which synchronizes the slave chips with 
the master chip. 

(4) Since a master chip outputs synchronization 
signals, all data registers must be set. 



(5) The following bits for slave chips must always 
be set: 

INC, WLS, PON, and ROS (control register) 
FFS (mode register) 

It is not necessary to set the control register's 
DUTY bits, the mode register's DWS bits, or 
the C select register. For other registers' settings, 
refer to table 6. 

(6) All chips must be set to LCD off in order to turn 
off the display. 

(7) The standby function of slave chips must be 
started up first while that of the master chip 
must be terminated first. 

Figure 24 to 26 show the connections of the 
synchronization signals for different system 
configurations and table 6 lists the differences between 
master mode and slave mode. 



LCD 



Row 
output 



Column 
output 



HD66108T 
Slave mode 



DSC1 FLM CL1 



Column 
output 



HD66108T 
Master mode 



OSC1 FLM CL1 



Clock 

Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 



Figure 24 Configuration Using 2 HD66108T Chips (1) 
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LCD 



Row 
output 



Column 
output 



HD66108T 
Master mode 



OSC1 FLM CL1 



Column 
output 



HD66108T 
Slave mode 



0SC1 FLM CL1 



Clock 

Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 

Figure 25 Configuration Using 2 HD66108T Chips (2) 
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Table 6 Comparison between Master and Slave Mode 

It em Master Mode Slave Mode 

Pin: M/S Must be set low Must be set high 

OSC1 , OSC2 Oscillation is possible Oscillation is possible 

CO =OSC1 =OCS1 

FLM, CL1 , M Output signals Input signals 

Register: AR Valid Valid 

XAR Valid Valid 

YAR Valid Valid 

FCR Valid Valid except for the DUTY bits 

MDR Valid Valid except for the DWS bits 

CSR Valid (only if the DWS bits are Invalid 

set for the C-tye waveform) 

Notes 

- Valid : Needs to be set 

- Invaid: Need not be set 
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Row output 



HD61203 
Row driver 



CR FRM CL2 



Clock 



LCD 



Column output 



HD66108T 
Slave mode 



OSC1 FLM CL1 



Note: 1 . The slave chip can oscillate CR clock pulses. In this case, the clock pulses must be 
supplied to the HD61 203 from the HD661 08T's CO pin. 
2. The HD61 203's control pins must be set in accordance with the type of RAMs. 



Figure 26 Configuration Using 1 HD66108T Chip with Another Row Driver (HD61203) 
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Internal Registers 

All HD66108T*s registers can be read from and 
written into. However, the BUSY FLAG and invalid 
bits cannot be written to and reading invalid bits or 
registers returns O's. 

1. Address Register (AR) (Accessed with RS = 0) 
This register (figure 27) contains Register No. bits, 



BUSY FLAG bit, STB Y bit, and DISP bit. Register 
No. bits select one of the data registers according to 
the register number written. The BUSY FLAG bit 
indicates the internal operation state if read. The 
STBY bit activates the standby function. The DISP 
bit turns the display on or off. This register is selected 
when RS pin is 0. 

Bits D4 and D3 are invalid. 



D7 D6 D5 D4 D3 D2 D1 DO 



BUSY 
FLAG 


STBY 


DISP 




Register No. 



(1) STBY 

- 1 : Standby function on 

- 0: Normal (standby function off) 

* When standby function is on, all registers are reset to O's 

(2) DISP 

-1: LCD on 
-0: LCD off 

(3) Register No. 

Bit 



No. 


2 


1 





Register 














Display memory 


1 








1 


X address register 


2 





1 





Y address register 


3 





1 


1 


Control register 


4 


1 








Mode register 


5 


1 





1 


C select register 



(4) BUSY FLAG (Can be read only) 
- 1 : Busy state 
-0: Ready state 



Figure 27 Address Register 
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2. Display Memory (DRAM) (Accessed with RS 
= 1, register number = (000) 2 ) 

Although display memory (figure 28) is not a register, 
it can be handled as one. 8- or 6-bit data can be 
selected by the control register WLS bit according to 
the character font in use. If 6-bit data is selected, D7 
and D6 bits are invalid. 

3. X Address Register (XAR) (Accessed with RS 
= 1, register number = (001) 2 ) 



This register (figure 29) contains 3 invalid bits (D7 to 
D5) and 5 valid bits (D4 to DO). It sets X addresses and 
confirms X addresses after writing or reading to or 
from the display memory. 

4. Y Address Register (YAR) (Accessed with RS = 
1, register number = (010) 2 ) 

This register (figure 30) contains 1 invalid bit (D7) and 
7 valid bits (D6 to DO). It sets Y addresses and 
confirms Y addresses after writing or reading to or 
from the display memory. 



D7 D6 


D5 D4 D3 D2 D1 DO 






8-Bit Data 






* * 


6-Bit Data 




Reading bits marked with * return Os and writing them is invalid. 



Figure 28 Display Memory 



D7 D6 D5 D4 D3 D2 D1 DO 



XAD 



XAD: to 20 ($00 to $14) when display data is 8 bits long and to 27 ($00 to $1 B) when display data 
is 6 bits long. A maximum of $1 F is programmable. 



Figure 29 X Address Register 



D7 




D6 D5 D4 


D3 D2 D1 DO 






YAD 




YAD: 


0to128($00to$7F) 





Figure 30 Y Address Register 
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5. Control Register (FCR) (Accessed with RS = 
1, register number = (011) 2 ) 

This register (figure 31), containing eight bits, has a 
variety of functions such as specifying the method for 
accessing RAM, determining RAM valid area, and 
selecting the function of the LCD driving signal 
output pins. It must be initialized as soon as possible 



after power-on since it determines the overall operation 
oftheHD66108T. The PON bit may have to be re-set 
afterwards. If the DUTY bits are rewritten after 
initialization at power-on (if values other than the 
initial values are desired), the display memory will 
not preserve data; the display memory must be set 
again after a time period of t ai or longer. For 
determining t^, refer to equation 1 (section 3.1). 



D7 D6 D5 D4 D3 D2 D1 DO 



INC 


WLS 


PON 


ROS 


DUTY 



(1 ) INC (Address increment direction select) 
- 1 : X address is incremented 

- 0: Y address is incremented 

(2) WLS (Word length (of display data) select) 
-1: 6-bit word 

-0: 8-bit word 

(3) PON (Row data protect on) 
-1: Protect function on 
-0: Protect function off 

(4) ROS (Row output (function of LCD driving output pins) select) 





Bit 




No. 


43 


Contents 





00 


165 column outputs 


1 


01 


65 row outputs from the right side 


2 


1 


65 row outputs from the left and right sides 


3 


1 1 


33 row outputs from the right side 



(5) DUTY (Multiplexing duty ratio) 
Bit Multiplexing 



No. 


2 


1 





Duty Ratio 














1/32 


1 








1 


1/34 


2 





1 





1/36 


3 





1 


1 


1/48 


4 


1 








1/50 


5 


1 





1 


1/64 


6 


1 


1 





1/66 


7 


1 


1 


1 


Testing mode 



Figure 31 Control Register 
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6. Mode Register (MDR) (Accessed with RS = 1, 
register number = (100) 2 ) 

This register (figure 32), containing 3 invalid bits (D7 
to D5) and 5 valid bits (D4 to DO), selects a system 
clock and type of LCD driving waveform. It must 
also be initialized after power-on since it determines 
overall HD66108T operation like the FCR register. If 



the FFS bits are rewritten after initialization at power- 
on (if values other than the initial values are desired), 
the display memory will not preserve data; the display 
memory must be set again after a time period of t^ or 
longer. For determining t^, refer to equation 1 
(section 3.1). 



07 D6 D5 D4 D3 D2 D1 



DO 



FFS 



DWS 



(1 ) FFS (Frame frequency select) 

Bit Frequency- 

No. 4 3 2 Division Ratio 

1 

1 1 1/2 

2 10 1/3 

3 1 1 1/4 

4 10 1/6 

5 10 1 1/8 

6 110 2 

7 111 — 



(2) DWS (LCD driving waveform select) 



Bit 



No. 


1 





Driving Waveform 











A-type waveform 


1 





1 


B-type waveform 


2 


1 





C-type waveform 


3 


1 


1 





Figure 32 Mode Register 
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7. C Select Register (CSR) (Accessed with RS = and D6) and 5 valid bits (D5 to DO). It controls C-type 
1, register number = (101) 2 ) waveforms and is activated only when MDR register's 

DWS bits are set for this type of waveform. 

This register (figure 33) contains 2 invalid bits (D7 



D7 D6 D5 D4 D3 D2 D1 DO 



EOR 



CLN 



(1 ) EOR (B-type waveform M signal © no. of counting lines on/off) 
- 1 : EOR function on 

-0: EOR function off 

(2) CLN (No. of counting lines in C-type waveform) 

1 to 31 should be set in these bits; must not be set. 



Figure 33 C Select Register 
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Reset Function 



The RESET p in starts the HD66108T after power- 
on. A RESET signal must be input via this pin for 
at least 20 |xs to prevent system failure due to 
excessive current created after power-on. Figure 34 
shows the reset definition. 



(1) Reset Status of Pins 

Table 7 shows the reset status of output pins. 
The pins return to normal operation after reset. 



(3) 



or register bits except for the address register's 
STBY bit and the X and Y address registers, 
which are reset to O's by the signal. Table 8 
shows the reset status of registers. 

Status after Reset 

The display memory does not preserve data 
which has been written to it before reset; it 
must be set again after reset. 



(2) Res et Statu s of Registers 

The RESET signal has no effect on registers 



A RESET signal terminates the standby mode. 



Table 7 Reset Status of Pins 


Pin 


Status 


OSC2 


Outputs clock pulses or oscillates 


CO 


Outputs clock pulses 


CL1 


Low (master chip) or high-impedance (slave chip) 


FLM 


Low (master chip) or high-impedance (slave chip) 


M 


Low (master chip) or high-impedance (slave chip) 


Xn(column output pins) 


V4 


Xn' (Row output pins) 


V5 


Table 8 Reset Status of Registers 


Register 


Status 


Address register 


Pre-reset status with the STBY bit reset to 


X address register 


Reset to O's 


Y address register 


Reset to O's 


Control register 


Pre-reset status 


Mode register 


Pre-reset status 


C select register 


Pre-reset status 


Display memory 


Preserves no pre-reset data 







RESET 



At reset 




I 0.15 x V cc J 


* 0.15 xV cc 




During reset 


* After reset 


(Reset status) 
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Precautionary Notes When Using the HD66108T 

(1) Install a 0.1 -up bypass capacitor as close to 
the LSI as possible to reduce power supply 
impedance (V CC -GND and V CC -V £E ). 

(2) Do not leave input pins open since the 
HD66108T is a CMOS LSI; refer to "Pin 
Functions" on how to deal with each pin. 

(3) When using the internal oscillation clock, 
attach an oscillation resistor as close to the 
LSI as possible to reduce coupling capacitance. 

(4) Make sure to input the reset signal at power- 
on so that internal units operate as specified. 

(5) Maintain the LCD driving power at during 
standby state so that DC is not applied to an 
LCD, in which Xn pins are fixed at V4 or V5 
level. 

Programming Restrictions 

(1) After busy time is terminated, an X or Y 



address is not incremented until 0.5-clock 
time has passed. If an X or Y address is read 
during this time period, non-updated data will 
be read. (The addresses are incremented even 
in this case.) In addition, the address increment 
direction should not be changed during this 
time since it will cause malfunctions. 

(2) Although the maximum output rows is 33 
when 33-row-output mode from the right side 
is specified, any multiplexing duty ratio can 
be specified. Therefore, row output data 
sufficient to fill the specified duty must be 
input in the Y direction. Figure 35 shows how 
to set row data in the case of 1/34 multiplexing 
duty ratio. In this case, 0s must be set in Y33 
since data for the 34th row (Y33) are not 
output. 

(3) Do not set the C select register's CLN bits 
to for the M signal of C-type waveform. 



Y0 
Y1 
Y2 
Y3 



Y30 
Y31 
Y32 
Y33 



X132 
X131 X133 



X164 
X163 
















1 












1 





































1 
1 
1 

































1 












1 










































All O's 



Display data area 



I 

Row data area 



y 



Figure 35 How to Set Row Data for 33-Row Output from the Right Side 
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Absolute Maximum Ratings 



item 


oymDOl 


Ratings 


Unit 

unit 


Power Supply Voltage (1) 


V cc 1 to V oc 3 


-0.3 to +7.0 


V 


Power Supply Voltage (2) 


^OC - ^EE 


-0.3 to +16.5 


V 


Input Voltage 




-0.3 to VCC + 0.3 


V 


Operating Temperature 


T .p 


-20 to + 75 


°C 


Storage Temperature 




-20 to +85 


°C 



Notes: 1 . Permanent LSI damage may occur if the maximum ratings are exceeded. 

Normal operation should be under recommended operating conditions (V^ - 2.7 
to 6.0 V, GND = V, Ta = -20 to + 75°C). If these conditions are exceeded, 
LSI malfunctions could occur. 



2. Power supply voltages are referenced to GND = V. Power supply voltage (2) 
indicates the difference between V rr and V PF . 
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Electrical Characteristics 

DC Characteristics (1) (V cc = 5 V ±20%, GND = V, V a - V EE = 6.0 to 15 V, Ta = -20 to+75°C, 
unless otherwise noted) 



Item 




Symbol Mln 


Typ 


Max 


Unit 


Test Conditions 


Notes 


Input High 


OSC1 


vj 


0.8 xV^ 




Vcc + 0-3 


V 






Voltage 


M/S, CL1.FLM, 
M, TEST1 , TEST2 




0.7 xV,, 




Vcc + 0-3 


V 








RESET 




0.85 xV^ - 


Vcc + 0.3 


V 








The other inputs 


V,„4 


2.0 




V^ + 0.3 


V 


v^svtioo/o 


5 


Input Low 


OSC1 




-0.3 


- 


0.2 xV^ 


V 






Voltage 


M/S, CL1 , FLM, 
M, TEST1 , TEST2 


V 


-0.3 




O^xV^ 


V 








RESET 


V.3 


— U.o 




0.15 xV^ 


V 








The other inputs 




-0.3 




0.8 


V 


v cc = 5V±io% 

cc 


6 


Output High 
Voltage 


CO, CL1 , FLM, M 


V OH 1 


0.9 xV^ 


— 




V 


-1^ = 0.1 mA 




DB7-DB0 


Vo«2 


2.4 






V 


-\ w = 0.2 mA 
V CC = 5V±10% 


7 


Output Low 
Voltage 


CO, CL1.FLM, M 








0.1 xV^ 


V 


Iol ■ 0.1 mA 




DB7-DB0 


Vo.2 






0.4 


V 


1^=1.6 mA 
V CC = 5V±10% 


8 


Input Leakage 
Current 


All except DB7-DB0, 
CL1, FLM, M 




-2.5 




2.5 


\iA 


V,= to V„ 

in CC 




Tri-State 
Leakage Current 


DB7-DB0, CL1 , FLM, 
M 


'tsl 


-10 




10 


M A 


V^OtoV^ 




V Pins Leakage 
Current 


V1,V3,V4,V6, 
VMHn, VMLn 




-10 




10 


uA 






Current 
Consumption 


During display 








400 


HA 


External clock 
f osc = 500 kHz 


1 






>cc2 






1.0 


mA 


Internal oscillation 
Rf = 91 kQ 


1 




During standby data 


'sB 






10 


HA 




1,2 


ON Resistance 
between Vi and Xj 


X0-X164 


R ON 






10 


kQ 


±Ild = 50 jiA 
Voo-V.-1.0V- 


3 


V Pins Voltage 
Range 




AV 






35 


% 




4 


Oscillating Frequency 


*osc 


315 


450 


585 


kHz 


Rf = 91 k£2 





Notes: 1 . When voltage applied to input pins is fixed to or to GND and output pins have no load capacity. 

2. When the LSI is not exposed to light and Ta = to 40°C with the STBY bit = 1 . If using external clock pulses, 
input pins must be fixed high or low. Exposing the LSI to light increases current consumption. 

3. I LD indicates the current supplied to one measured pin. 

4. AV = 0.35 x (V^ - V EE ). For levels V1 , V2, and V3, the voltage employed should fall between the V^. and the 
AV and for levels V4, V5, and V6, the voltage employed should fall between the V EE and the AV (figure 36). 

5. V IH 3 (min) ■ 0.7 x V^ when used under conditions other than V^ ■ 5 v ±1 0%. 

6. V IL 3 (max) « 0. 1 5 x V^ when used under conditions other than V^ » 5 V ±1 0%. 

7. V 0H 2 (min) = 0.9 x V^ « 0.1 mA) when used under conditions other than V^ = 5 V ±1 0%. 

8. V^ (max) * 0.1 x V^ (l^ = 0.1 mA) when used under conditions other than V^ = 5 V ±1 0%. 
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DC Characteristics (2) ( V cc = 2.7 to 4.0 V, GND = V, V cc - V EE = 6.0 to 15 V, Ta = -20 to +75°C, 
unless otherwise noted) 



Item 




Symbol Min 


Typ 


Max 


Unit 


Test Conditions 


Notes 


Input High 


RESET 


V 1 
v ih' 


85 x V 
u,u *^ * v cc 


- 


Vcc + 0.3 


V 






Voltage 


The other inputs 




0.7 xV,, 




V cc + °-3 


V 






Input Low 
Voltage 


M/S, OSC1,CL1,FLM, 
TEST1 , TEST2, M 




-0.3 


- 


0.3 xV^ 


V 








The other inputs 


V 


-0.3 


- 


0.15 xV cc 


V 






Output High 
Voltage 




Vol1 


0.9xV cc 


- 


- 


V 


-Ioh = 50uA 




Output Low 
Voltage 




V o L 1 




- 


0.1 xV,, 


V 


Iol = 50mA 




input Leakage 
Current 


All except DB7-DB0, 
CL1 , FLM, M 


'lIL 


-2.5 


- 


2.5 


MA 


v^-otov^ 




Tri-State DB7-DB0, CL1 , FLM, 
Leakage Current M 


'tsl 


-10 


- 


10 


uA 






V Pins Leakage 
Current 


V1, V3, V4, V6, 
VMHn, VMLn 


'VL 


-10 


- 


10 


uA 






Current 
Consumption 


During display 


'cc^ 


— 


- 


260 


uA 


External clock 
f osc " 500 kHz 


1 












700 


■ ■A 

uA 


Internal oscillation 
Rf:*75kQ 


1 




During standby state 


SB 






10 


HA 




1,2 


ON Resistance X0-X164 
between Vi and Xj 


R ON 






10 


kQ 


±lu, = 50uA 
Vcc-V EE =10V 


3 


V Pins Voltage 
Range 




AV 






35 


% 




4 


Oscillating Frequency 


^osc 


315 


450 


585 


kHz 


Rf=75kQ 





Notes: 1 . When voltage applied to input pins is fixed to or to GND and output pins have no load capacity. Exposing 
the LSI to light increases current consumption. 

2. When the LSI is not exposed to light and Ta = to 40°C with the STBY bit = 1 . If using external clock pulses, 
input pins must be fixed high or low. 

3. \ w indicates the current supplied to one measured pin. 

4. AV m 0.35 x (V^ - V EE ). For levels V1 , V2, and V3, the voltage employed should fall between the V^ and 
the AV and for levels V4, V5, and V6, the voltage employed should fall between the V EE and the AV (figure 
36). 



684 



HITACHI 



HD66108 





cc 

_J 


AV 


V1, V2, V3 Levels 








| AV 


V4, V5, V6 Levels 


EE 



Figure 36 Driver Output Waveform and Voltage Levels 
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AC Characteristics (1) (V cc = 4.5 to 6.0 V, GND = V, Ta = -20 to +75°C, unless otherwise noted) 
1. CPU Bus Timing (figure 37) 



Item 


Symbol 


Min 


Max 


Unit 


RD High-Level Pulse Width 


*WRH 


190 


- 


ns 




RD Low-Level Pulse Width 


*WRL 


190 


- 


ns 




WR High-Level Pulse Width 


*WWH 


190 


- 


ns 




WR Low-Level Pulse Width 


*wwl 


190 


- 


ns 




WR-RD High-Level Pulse Width 


*WWRH 


190 


- 


ns 




CS, RS Setup Time 


*AS 





- 


ns 




CS, RS Hold Time 


*AH 





- 


ns 




Write Data Setup Time 


*DSW 


100 


- 


ns 




Write Data Hold Time 


*DHW 





- 


ns 




Read Data Output Delay Time 


DDR 




150 


ns 


Note 


Read Data Hold Time 


DHR 


20 




ns 


Note 


External Clock Cycle Time 


*CYC 


0.25 


5.0 


us 




External Clock High-Level Pulse Width 


*WCH 


0.1 


- 


us 




External Clock Low-Level Pulse Width 


*WCL 


0.1 


- 


us 




External Clock Rise and Fall time 


tr.tf 


- 


20 


ns 




Note: Measured by test circuit 1 (figure 39). 












2. LCD Interface Timing (figure 38) 
item 


Symbol 


Min 


Max 




Notes 


M/S . CL1 High-Level Pulse Width 




35 


- 




1,4,5 


CL1 Low-Level Pulse Width 




35 


- 




1,4,5 


FLM Delay Time 


W 


-2.0 


+2.0 




4,5 


FLM Hold Time 


W 


-2.0 


+2.0 




4,5 


M Output Delay Time 


w 


-2.0 


+2.0 




4,5 


M/S = 1 CL1 High-Level Pulse Width 




35 






4,5 


CL1 Low-Level Pulse Width 


t 2 


11xt CYC 






2, 4, 5 


FLM Delay Time 


W2 


-2.0 


1.5xt CYC 




3, 4,5 


FLM Hold Time 


W 


-2.0 


+2.0 




4,5 


M Delay Time 


*DMI 


-2.0 


+2.0 




4,5 



Notes: 1 . When R^ is 91 ka (V cc = 4.0 to 6 V) or 75 kfl (V^ « 2.0 to 4.0 V) and bits FFS are set for 1 . 

2. When bits FFS are set for 1 or 2. The value is 19 x t^ in other cases. 

3. When bitgs FFS are set for 1 or 2. The value is 8.5 x t CYC in other cases. 

4. Measured by test circuit 2 (figure 39). 

5. Units are us. 
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AC Characteristics (2) (V cc = 2.7 to 4.5 V, GND = V, Ta = -20 to +75°C, unless otherwise noted) 
1. CPU Bus Timing (figure 37) 



Item 


Symbol 


Min 


Max 


Unit 


RD High-Level Pulse Width 


tyVRH 


1.0 




US 


RD Low-Level Pulse Width 


^WRL 


1.0 




US 


WR High-Level Pulse Width 


^WWH 


1.0 





US 


WR Low-Level Pulse Width 


WWL 


1.0 





US 


WR-RD High-Level Pulse Width 


WWRH 


1.0 


_ 


[XS 


CS, RS Setup Time 


AS 


0.5 




US 


CS,RS Hold Time 




0.1 




[IS 


Write Data Setup Time 


DSW 


1.0 


_ 


us 


Write Data Hold Time 


*DHW 





- 


us 


Read Data Output Delay Time 


DDR 




0.5 


us Note 


Read Data Hold Time 


DHR 


20 




ns Note 


External Clock Cycle Time 


CYC 


1.6 


5.0 


us 


External Clock High-Level Pulse Width 


^WCH 


0.7 


_ 


us 


External Clock Low-Level Pulse Width 


^WCL 


0.7 




us 


External Clock Rise and Fall time 


tr,tf 


_ 


0.1 


us 


Note: Measured by test circuit 2 (figure 39). 










2. LCD Interface Timing (figure 38) 
item 


Symbol 


Min 


Max 


Notes 


M/S - CL1 High-Level Pulse Width 


^WCH^ 


35 


_ 


1,4,5 


CL1 Low-Level Pulse Width 


^WCL^ 


35 




1,4,5 


FLM Delay Time 


W 


-2.0 


+2.0 


4,5 


FLM Hold Time 


V1 


-2.0 


+2.0 


4,5 


M Output Delay Time 


W 


-2.0 


+2.0 


4,5 


M/S = 1 CL1 High-Level Pulse Width 


Wh^ 


35 




4,5 


CL1 Low-Level Pulse Width 


Wl^ 


11 xt CYC 




2, 4,5 


FLM Delay Time 


W2 


-2.0 


1.5 xt^ 


3, 4,5 


FLM Hold Time 




-2.0 


+2.0 


4,5 


M Delay Time 


*DMI 


-2.0 


+2.0 


4,5 



Notes: 1 . When R^ is 91 kfl (V cc = 4.0 to 6 V) or 75 kft (V cc = 2.7 to 4.0 V) and bits FFS are set for 1 . 

2. When bits FFS are set for 1 or 2. The value is 19 x t CYC in other cases. 

3. When bits FFS are set for 1 or 2. The value is 8.5 x t CYC in other cases. 

4. Measured by test circuit 2 (figure 39). 

5. Units are us. 
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cs 

RS 
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RD 



/ 
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V -J- 



v *Pc in 



/ J_ 



*WWRH 
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"1 

T 

J" 
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Figure 37 CPU Bus Timing 
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All diodes are IS2074( 



R L = 2.4kft 
R= 11kI2 
C = 130pF 

Test Circuit 1 



JJf C = 50pF 



Test Circuit 2 



Figure 39 Load Circuits 
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TCP Sketches and Mounting 

The following shows TCP sketches and TCP mounting on a printed circuit board. These drawings do not restrict 
TCP shape. 



Potting resin Solder resist 

/ 




Pattern-formed 
surface 



Tape base 



TCP Rough Sketch 



Wiring-pattern-plated 
surface , 



*S | LSI 



Potting resin Pattern-formed surface 

L 

Tape base 




(Chip back-grinded surface) 



A-A' Cross-Sectional View 



Chip back-grinded surface 



Solder 




Tape bas< 

/ 


Tape base 

■ t 


PC board | 1 



Pattern-formed surface 



TCP Mounting on PC Board 
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H D66204 

(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 



Description 

The HD66204F/HD66204FL/HD66204TF/HD 
66204TFL, the column driver for a large liquid 
crystal graphic display, features as many as 80 
LCD outputs powered by 80 internal LCD drive 
circuits. This device latches 4-bit parallel data 
sent from an LCD controller, and generates LCD 
drive signals. In standby mode provided by its 
internal standby function, only one drive circuit 
operates, lowering power dissipation. The 
HD66204 has a complete line-up: the HD66204F, 
a standard device powered by 5 V ± 10%; the 
HD66204FL, a 2.7-5.5 V, low power dissipation 
device suitable for battery-driven portable 
equipment such as "notebook*' personal computers 
and palm-top personal computers; and the 
HD66204TF and HD66204TFL, thin package 
devices powered by 5 V ± 10% and 2.7-5.5 V, 
respectively. 

Ordering Information 



Features 

• Duty cycle: 1/64 to 1/240 

• High voltage 

— LCD drive: 10-28 V 

• High clock speed 

— 8 MHz max under 5-V operation 
(HD66204F/HD66204TF) 

— 4 MHz max under 3-V operation 
(HD66204FL/HD66204TFL) 

• Display off function 

• Internal automatic chip enable signal generator 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 



Type No. Voltage Range Package 



HD66204F 


5V±10% 


100-pin plastic QFP (FP-100) 


HD66204TF 


5V±10% 


100-pin thin plastic QFP (TFP-100) 


HCD66204 


5V±10% 


Chip 


HD66204FL 


2.7-5.5 V 


100-pin plastic QFP (FP-100) 


HD66204TFL 


2.7-5.5 V 


100-pin thin plastic QFP (TFP-100) 


HCD66204L 


2.7-5.5 V 


Chip 
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Pin Arrangement 
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Pin Description 



Symbol 


Pin No. (FP-100/TFP-100) 


Pin Name 


Input/Output 


Classification 


Vcc 


40/38 


Vcc 


— 


Power supply 


GND 


38/36 


GND 


— 


Power supply 


Vee 


35/33 


Vee 


— 


Power supply 


V1 


32/30 


V1 


Input 


Power supply 


V3 


33/31 


V3 


Input 


Power supply 


V4 


34/32 


V4 


Input 


Power supply 


CL1 


37/35 


Clock 1 


Input 


Control signal 


CL2 


49/44 


Clock 2 


Input 


Control signal 


M 


36/34 


M 


Input 


Control signal 


D -D 3 


48-45/43-40 


Data 0-data 3 


Input 


Control signal 


SHL 


41/39 


Shift left 


Input 


Control signal 


EE 


31/29 


Enable 


Input 


Control signal 


CAR 


50/48 


Carry 


Output 


Control signal 


DISPOFF 


39/37 


Display off 


Input 


Control signal 


Y 1~* Y 80 


51-100, 1-30/49-100, 1-28 


Y1-Y80 


Output 


LCD drive output 


NC 


42, 43, 44/45, 46, 47 


No connection 
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Pin Functions 
Power Supply 

V cc , V EE , GND: V CC -GND supplies power to 
the internal logic circuits. V C c-Vee su PP** es 
power to the LCD drive circuits. 

VI, V3, V4: Supply different levels of power to 
drive the LCD. VI and V EE are selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 

Control Signal 

CL1: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via Do-~D 3 at the falling edge of each 
CL2 pulse. 

M: Changes LCD drive outputs to AC. 




Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 



Do-D 3 : Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 

SHL: Shifts the destinations of display data 
output See figure 2. 

E: A low E enables the chip, and a high E disables 
the chip. 

CAR: Outputs the!" signal to the next HD66204 if 
HD66204s are connected in cascade. 



DISPOFF: A low DISP sets LCD drive outputs 
Yj-YgotoVllevel. 

LCD Drive Output 

Y i-" Y 80 : Eacn Y outputs one of the four voltage 
levels VI, V3, V4, or Vee» depending on a 
combination of the M signal and display data 
levels. See figure 3. 

NC: Must be open. 
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£2 



SHL = low 



IfLft... fHf 



DO 
D1 

02. 

D3 Plait 



»»->->>-> 



5sa Tit 



SHL = high 



ihil. ifff 



1st 2nd 



Last 



Figure 2 Selection of Destinations of Display Data Output 



uJ-TULJ- 

D 



Y output level 



1 

<-> 





1 

<-> 





<-> 




VEE 


V4 


V1 


V3 



Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 

Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit 

4-Bit Latch Circuit 

The 4-bit latch circuit latches 4-bit parallel data 
input via the D to D 3 pins at the timing generated 
by the control circuit. 

Line Data Latch Circuit 

The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 



Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 

LCD Drive Circuit 

The 80-bit LCD drive circuit generates four 
voltage levels VI, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 



Block Diagram 



DISPOFF 
CL1 



D0-D3' 



SHL — 
CL2 — 

E — 

CAR <~ 



Y1-Y80 




4-bit latch circuit 

3 



-> 



4-bit latch circuit 



Controller 
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Comparison of the HD66204 with the HD61104 




Kem 


HD66204 


HD61104 




ft n MH7 may 


3.5 MHz max. 


Display off function 


Provided 


Not provided 


LCD drive voltage range 


10-28 V 


10-26 V 


Relation between SHL and 
LCD output destinations 


See figure 4 


See figure 4 


Relation between LCD output 
levels, M, and data 


See figure 5 


See figure 5 


LCD drive V pins 


V1.V3.V4 

(V2 level is the same as VEE level) 


V1.V2.V3.V4 



CO ^*i/> coi s * <x>o> o 
r ojcoTi-Lncpr^oo S.N St- 00 



CO <«±IX) toS GO CJ) o 









DO 
D1 
D2 




DO 
D1 
D2 
D3 




D3 


Last 2nd 1st 


1st 2nd Last 



SHL « low 

CO CD^ COO) O 

££££££££ 



SHL -low 



co *t\n <oh« c©o> o 





s 


858 




5 


s 






DO 
D1 
D2 




D3 


1st 2nd Last 







s 


s 


op 


s 


85|S|S|8|5|S8 


DO 
D1 
D2 
D3 




Last 2nd 1st 



SHL -high 
HD66204 

Note the exact reverse relation for the two devices. 



SHL -high 
HD61104 



Figure 4 Relation between SHL and LCD Output Destinations for the HD66204 and HD61104 
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D— T 



w V1.V3.V2.V4, 

Y output level H — *H — — H« — H 



HD66204 
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Figure 5 Relation between LCD Output Levels, M, and Data for the HD66204 and HD61104 
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Operation Timing 



CL2 



Data 3 
CL1 _JU 



zpozx 



CAR 
(No. 1) 

CAR 
(No. 2) 

CAR 
(No. 3) 

CAR 

(No. n) 



Y1-Y80 



Line 



1 2 3 



19 20 



HD66204 no. 1 latches data 



21 



51 



HD66204 no. 2 
latches data 



HD66204 no. 3 
latches data 



HD66204 no. n 
latches data 
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Application Example 



LCD panel of 640x240 dots; 
1/240 duty cycle 



Vox- SHL 

Di H06620S DO 
(D 




IS 




O 6 R1 R1 R2 R1 R1 

GND Voc VEE 



F 



Notes: 



1 . The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kft, respectively. That 
is, R1/(4 • R1 + R2) should be 1/15. 

2. To stabilize the power supply, place two 0.1 -liF capacitors near each LCD driver: one 
between the V C c and GND pins, and the other between the V cc and V EE pins. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1 


Power supply voltage for LCD drive circuits 


Vee 


V C c -30.0 to V cc + 0.3 


V 




Input voltage 1 


Vti 


-0.3 to V cc + 0.3 


V 


1.2 


Input voltage 2 


V T2 


V Eg - 0.3 to V cc + 3 


V 


1,3 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


T sta 


-55 to +125 


°c 





Notes: 1. The reference point is GND (0 V). 



2. Applies to pins CL1 , CL2, M, SHL, E, D -D 3 , DISPOFF. 

3. Applies to pins V1 , V3, and V4. 

4. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 



Electrical Characteristics 

DC Characteristics for the HD66204F/HD66204TF (V cc = 5 V ± 10%, GND = V, V cc - V EE = 10 
to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Typ. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


V,H 


1 


0.7 x V cc 




V 


V 






Input low voltage 


V|L 


1 







0.3 x V cc 


V 






Output high voltage 


VqH 


2 


V cc -0.4 






V 


Iqh * -0-4 mA 




Output low voltage 


Vol 


2 






0.4 


V 


Iql - 0.4 mA 




Vi-Yj on resistance 


R ON 


3 






4.0 


ka 


Ion* 100 uA 


1 


Input leakage current 1 


I|L1 


1 


-1.0 




1.0 




Vin - V cc to GND 




Input leakage current 2 


'lL2 


4 


-25 




25 




V,N*V cc to V EE 




Current consumption 1 


'gnd 








3.0 


mA 


f CL 2 88 8.0 MHz 
f CL i - 20 kHz 
V C C-V EE »28V 


2 


Current consumption 2 


•ee 






150 


500 


uA 


Same as above 


2 


Current consumption 3 


"ST 








200 


uA 


Same as above 


2,3 



Pins and notes on next page. 
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DC Characteristics for the HD66204FL/HD66204TFL (V cc = 2.7 to 5.5 V, GND = V, V cc - V EE = 



10 to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 








Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


V| H 


1 


0.7xV cc 


Vcc 


V 






Input low voltage 


V,L 


1 





0.3 x V cc V 






Output high voltage 


VOH 


2 


Vcc-0.4 


— 


V 


| OH m -0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


Iol - 0.4 mA 




WYj on resistance 


R ON 


3 




a n 




Ion - 100 uTV 


1 


Input leakage current 1 


I|L1 


1 


-1 .0 


1.0 


uA 


V| N -V cc toGND 




Input leakage current 2 


•lL2 


4 


-25 


25 


uA 


V| N -V cc to V EE 




Current consumption 1 


'gnd 






1.0 


mA 


fcL2 "4.0 MHz 
fcu» 16.8 kHz 
f M » 35 Hz 
V CC -3.0 V 
V C C-V EE «28V 
Checker-board 
pattern 


2 


Current consumption 2 


«EE 






500 


uA 


Same as above 


2 


Current consumption 3 


1st 






50 


uA 


Same as above 


2,3 



Pins: 1 . CL1 , CL2, M, SHL, E, D -D 3 , DISPOFF 



2. CAR 

3- Yi-Yso, V1, V3, V4 
4. V1,V3,V4 

Notes: 1. Indicates the resistance between one pin from Yi-Yso and another pin from V1, V3, V4, and 
V EE , when load current is applied to the Y pin; defined under the following conditions. 

V CC -GND»28V 

VI.VS^Vcc-f^lOJVcc-VEE)} 

V4»V EE + {2/10(V cc -V EE )} 

V1 and V3 should be near V C c level, and V4 should be near V EE level (figure 6). All voltage 
must be within AV. AV is the range within which Rqn- the LCD drive circuits' output 
impedance, is stable. Note that AV depends on power supply voltage Vcc-V EE (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vj H and V|l must be held to Vcc 
and GND levels, respectively. 

3. Applies to standby mode. 
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Figure 6 Relation between Driver Output Waveform and Level Voltages 



AV(V) 



5.6 



2.0 




Level voltage range 



10 28 
Vcc-VEE (V) 



Figure 7 Relation between Vcc — Vee 
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AC Characteristics for the HD66204F/HD66204TF (V cc = 5 V ± 10%, GND = V, and Ta = -20 to 
+75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Notes 


Clock cycle time 


tcYC 


CL2 


125 


— 


ns 




Clock high-level width 1 




CL1.CL2 


45 


— 


ns 




Clock low-level width 


fcwL 


CL2 


45 


— 


ns 




Clock setup time 


ted 


CL1.CL2 


80 


— 


ns 




Clock hold time 


tHCL 


CL1.CL2 


80 


— 


ns 




Clock rise time 




CL1.CL2 


— 


Note 1 


ns 


1 


Clock fall time 


tf 


CL1.CL2 




Note 1 


ns 


1 


Data setup time 


X DS 


D -D 3l CL2 


20 




ns 




Data hold time 


*dh 


D -"D 3 , CL2 


20 




ns 




Enable (E) setup time 


fesu 


I, CL2 


30 




ns 




Carry (CAR) output delay time 




CAR.CL2 




80 


ns 





M phase difference time 




M, CL2 




300 


ns 




CL1 cycle time 


ten 


CL1 


tcYC x 50 




ns 




AC Characteristics for the HD66204FL/HD66204TFL (V cc 
to +75°C, unless otherwise noted.) 


= 2.7 to 5.5V, GND = V, and Ta 


= -20 


Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Notes 


Clock cycle time 


tcYC 


CL2 


250 




ns 




Clock high-level width 1 


*CWH 


CL1.CL2 


95 




ns 




Clock low-level width 




CL2 


95 




ns 




Clock setup time 


ted 


CL1,CL2 


80 




ns 




Clock hold time 


tHCL 


CL1.CL2 


80 




ns 




Clock rise time 


tr 


CL1.CL2 




Note 1 


ns 


1 


Clock fall time 


tf 


CL1, CL2 




Note 1 


ns 


1 


Data setup time 


X DS 


D -D 3 , CL2 


50 




ns 




Data hold time 


*DH 


D ~D 3> CL2 


50 




ns 




Enable (E) setup time 


*ESU 


E, CL2 


65 




ns 




Carry (CAR) output delay time 


*CAR 


CAR, CL2 




155 


ns 


2 


M phase difference time 


*CM 


M, CL2 




300 


ns 




CL1 cycle time 


fen 


CL1 


tcYC x 50 




ns 





Notes: 1 . t r , t f < (t CYC - t CWH - tc WU )/2 and t r , t f < 50 ns 



2. The load circuit shown in figure 8 is connected. 
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Figure 8 Load Circuit 
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Figure 9 LCD Controller Interface Timing 
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H D66205 

(Dot Matrix liquid Crystal Graphic Display 
Common Driver with 80-Channel Outputs) 



Description 

The HD66205F/HD66205FL/HD66205TF/HD 
66205TFL/HD66205T/HD66205TL, the row LCD 
driver, features low output impedance and as many 
as 80 LCD outputs powered by 80 internal LCD 
drive circuits, and can drive a large liquid crystal 
graphic display. Because this device is fabricated 
by the CMOS process, it is suitable for battery- 
driven portable equipment, which fully utilizes the 
low power dissipation of liquid crystal elements. 
The HD66205 has a complete line-up: the 
HD66205F, a standard device powered by 5 V ± 
10%; the HD66205FL, a 2.7-5.5 V, low power 
dissipation device; the HD66205TF and 
HD66205TFL, thin film package devices each 
powered by 5 V ± 10% and 2.7-5.5 V; and the 



HD66205T, tape carrier package (TCP) devices 
powered by 2.7-5.5 V, respectively. 

Features 

• Duty cycle: 1/64 to 1/240 

• High voltage 

— LCD drive: 10-28 V 

• Display off function 

• Internal 80-bit shift register 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 
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Ordering Information 1 (Flat package and die shipment) 
Type No. Voltage Range Package 



HD66205F 


5V±10% 


100-pin plastic QFP (FP-100) 


HD66205FL 


2.7-5.5 V 


100-pin plastic QFP (FP-100) 


HD66205TF 


5V±10% 


100-pin thin plastic QFP (TFP-100) 


HD66205TFL 


2.7-5.5 V 


100-pin thin plastic QFP (TFP-100) 


HCD66205 


5V±10% 


Chip 


HCD66205L 


2.7-6.5 V 


Chip 



Ordering Information 2 (tape carrier package) 



Type No. 


Voltage Range 


Outer Lead Pitch 1 


Outer Lead Pitch 2 


Device Length 


HD66205TA1 


2.7-5.5V 


0.15mm 


0.80mm 


4 sprocket holes 


HD66205TA2 


2.7-5.5V 


0.18mm 


0.80mm 


4 sprocket holes 


HD66205TA3 


2.7-5.5V 


0.20mm 


0.80mm 


4 sprocket holes 


HD66205TA6 


2.7-5.5V 


0.22mm 


0.70mm 


4 sprocket holes 


HD66205TA7 


2.7-5.5V 


0.25mm 


0.70mm 


4 sprocket holes 


HD66205TA9L 


2.7-5.5V 


0.22mm 


0.70mm 


3 sprocket holes 



Notes: 1 . Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 

2. Device length includes test pad areas. 

3. Spacing between two sprocket holes is 4.75mm. 

4. Tape film is Upirex (a trademark of Ube industries, Ltd.). 

5. 35-mm-wide tape is used. 

6. Leads are plated with Sn. 

7. The details of TCP pattern are shown in " The Information of TCP. " 
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Pin Arrangement 
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7 
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Pin Description 



Svmbol 

Wll IMVI 


Pin No. 

(FP-100/TFP-100) 


Pin Namfi 

■ III IvCMIIv 


IrtDUt/OutDut 


Classification 

VIBvvlllVWlllVI I 


Vcc 


40/38 


v C c 


— " * 


Power supply 


GND 


42/40 


GND 


— "" 


Power supply 


Vee 


34/32 


Vee 


— _ 


Power supply 


V1 


37/35 


V1 


input 


Power supply 


V5 


35/33 


V5 


input 


Power supply 


V6 


36/34 


V6 


Input 


Power supply 


CL 


46/44 


Clock 


Input 


Control signal 


M 


44/42 


M 


input 


Control signal 


Dl 


48/46 


Data in 


Input 


Control signal 


DO 


32/31 


Data out 


Output 


Control signal 


SHL 


41/39 


Shift left 


Input 


Control signal 


DISPOFF 


39/37 


Display off 


Input 


Control signal 


X 1" X 80 


51-100, 1-30/ 
1-28, 49-100 


X1-X80 


Output 


LCD drive output 


NC 


31,33, 38, 43, 
45, 47, 49, 50/ 
29, 30, 36, 41, 
43, 45, 47, 48 


No connection 
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Pin Functions 
Power Supply 

Vco v ee> GND: V CC -GND supplies power to the 
internal logic circuits. Vcc-Vee supplies power to 
the LCD drive circuits. 

VI, V5, V6: Supply different levels of power to 
drive the LCD. VI and Vee are selected levels, 
and V5 and V6 are non-selected levels. See figure 
1. 

Control Signal 

CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts display data input via the DI 
pin. 

M: Changes LCD drive outputs to AC. 

DI: Inputs display data. DI of the first HD66205 
must be connected to an LCD controller, and those 
of the other HD66205s must be connected to DI of 
the previous HD66205. 



DO: Outputs display data. DO of the last 
HD66205 must be open, and those of the other 
HD66205s must be connected to DI of the next 
HD66205. 

SHL: Selects the data shiftt direction for the shift 
register. See figure 2. 



DISPOFF: A low DISP sets LCD drive outputs 
Xr-XgotoVllevel. 

LCD Drive Output 

Xj-Xgo: Each X outputs one of the four voltage 
levels VI, V5, V6, or Vee, depending on a 
combination of the M signal and display data 
levels. See figure 3. 

Other 

NC: Must be open. 




Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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SHL level 


Data shift direction 


Common signal 
scan direction 


Low 


D|>SR1 >SR2 >SR80 


X1 > X80 


High 


Dl > SR80>SR79 > SR1 


X80>X1 



Figure 2 Selection of Display Data Shift Direction 



M — 


j 1 i o r 




m o n~i o r~ 


D — 


X output level 


Ki^KsIveeKbH 





Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 

The 80-bit LCD drive circuit generates four 
voltage levels VI, V5, V6, and Vee, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the shift register 

Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 



Shift Register 

The 80-bit shift register shifts data input via the DI 
pin by one bit, and the one bit of shifted-out data is 
output from the DO pin. Both actions occur 
simultaneously at the falling edge of each shift 
clock (CL) pulse 



Block Diagram 



DISPOFF > 

CL > 

DI > 

SHL > 

DO < 



X1-X80 




Shift register 



HITACHI 



713 



HD66205 


Comparison of the HD66205 with the HD61105 




Item 


HD66205 


HD61105 


Display off function 


Provided 


Not provided 


LCD drive voltage range 


10-28 V 


10-26 V 


Shift clock phase selection function 


Not provided 


rroviaea (rob pin) 


Relation between SHL and 
LCD output destinations 


See figure 4 


See f igure 4 


Relation between LCD output 
levels, M, and data 


See figure 5 


See figure 5 


LCD drive V pins 


V1, V5, V6 

(V2 level is the same as V EE level) 


V1.V2.V5, V6 



SHL level 


Data shift direction 


Common signal 
scan direction 


Low 


DI>SR1 >SR2 >SR80 


X1 > X80 


High 


Dl > SR80> SR79 > SR1 


X80>X1 



HD66205 



SHL level 


Data shift direction 


Common signal 
scan direction 


Low 


Dl > SR80> SR79 > SR1 


X80>X1 


High 


DI->SR1 >SR2 >SR80 


X1 > X80 



HD61105 

Note the exact reverse relation for the two devices. 

Figure 4 Relation between SHL and LCD Output Destinations for the HD66205 and HD61105 



M-J ] — i Q r 

D-j — f~i Q r-jn P r~ 

X output level | < V1 >H V5 > l^h V6 H 

HD66205 



M-J ] — I Q r 

X output level H V2 H « V6 H « V1 » H VS H 
HD61105 



Figure 5 Relation between LCD Output Levels, M, and Data for the HD66205 and HD61105 
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Application Example 



LCD panel of 640 x 240 dots; 
1/240 duty cycie 




II! 



Vcc*- SHL 

'□I HD66206 DO 

(1) 



T - 



CAR 






DISPOFF 




D0-D3 
M 


HD66204 


CL2 


(1) 


CL1 




V4 




V3 




VI 


SHL £ 


lis 



**•>■ SHL 
-_. Dl HDW206 00 




Notes: 



1 . The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kft and 33 kQ, respectively. That 
is, R1/(4 • R1 + R2) should be 1/15. 

2. To stabilize the power supply, place two 0.1 -uP capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vcc and V^e pins. 
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Absolute Maximum Ratings 



Hem 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1 


Power supply voltage for LCD drive circuits 


Vee 


V C c -30.0 to V cc + 0.3 


V 




Input voltage 1 


Vti 


-0.3 to V cc + 0.3 


V 


1.2 


Input voltage 2 


V T2 


V EE -0.3to Vcc + 0.3 


V 


1.3 


Operating temperature 


T"opr 


-20 to +75 


°c 




Storage temperature 


T sta 


-55 to +125 


°c 


4 


Notes: 1 . The reference point is GND (0 V). 



2. Applies to pins CL, M, SHL, Dl, DISPOFF. 

3. Applies to pins V1 , V5, and V6. 

4. -AO to +1 25°C for TCP devices. 

5. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 

Electrical Characteristics 

DC Characteristics for the HD66205F/HD66205TF (V cc = 5 V ± 10%, GND = V, V cc - V EE = 10 
to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Typ. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


V, H 


1 


0.7 x V cc 




Vcc 


V 






Input low voltage 


V|L 


1 







0.3 x V cc 


V 






Output high voltage 


VOH 


2 


Vcc-0.4 






V 


'oh - "0.4 mA 




Output low voltage 


Vol 


2 






0.4 


V 


I l - 0.4 mA 




Vi-Yj on resistance 


R ON 


3 






2.0 


kn 


Ion = 100 uA 


1 


Input leakage current 1 


I|L1 


1 


-1.0 




1.0 


uA 


V| N -V cc toGND 




Input leakage current 2 


l|L2 


4 


-25 




25 


uA 


V| N -V cc to V EE 




Current consumption 1 


'gnd 








100 


uA 


f CL - 20 kHz 
V C c-V EE -28V 


2 


Current consumption 2 


Iee 






150 


500 


uA 


Same as above 


2 



Pins and notes on next page. 



HITACHI 



717 



HD66205 



DC Characteristics for the HD66204FL/HD66204TFL/HD66204T (V cc = 2.7 to 5.5 V, GND = V, 



Vcc - V EE = 10 to 28 V, and Ta = - 


-20 to +75°C, unless otherwise noted.) 






Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


V, H 


1 


0.7 x V cc 


Vcc 


V 






Input low voltage 


V|L 


1 





0.3 x V cc 


V 






Output high voltage 


VOH 


2 


V cc -0.4 




V 


•oh ■ mA 




Output low voltage 


Vol 


2 




0.4 


V 


Iol * 04 mA 




Vi-Yj on resistance 


Ron 


3 




2.0 


kft 


Ion ■ 1 00 m A 


1 


Input leakage current 1 


I|L1 


1 


-1.0 


1.0 


uA 


V| N «V cc toGND 




Input leakage current 2 


'lL2 


4 


-25 


25 


uA 


Vin- V C cotoV EE 




Current consumption 1 


•gnd 






100 


uA 


fcL-16.8 kHz 
f M - 35 Hz 
V cc -3.0 V 
Vcc-V EE -28V 


2 


Current consumption 2 


Iee 






250 


uA 


Same as above 


2 



Pins: 1. CL, M, SHL, Dl, DISPOFF 

2. DO 

3. X^Xeo, V1, V5, V6 

4. V1,V5,V6 



Notes: 1. Indicates the resistance between one pin from ^-X Q0 and another pin from V1, V5, V6, and 
V EE , when load current is applied to the X pin; defined under the following conditions. 

V CC -V EE «28V 

V1,V6-Vcc-{1/10(V C c-V EE )} 

V5»V EE + {1/10(V CC -V EE )} 

V1 and V6 should be near Vcc ,evel » and V5 should be near V EE level (figure 7). All voltage 
must be within AV. AV is the range within which R n. the LCD drive circuits* output 
impedance, is stable. Note that AV depends on power supply voltage V CC -V EE (figure 8). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, V JH and V|l must be held to Vcc 
and GND levels, respectively. 

3. Applies to standby mode. 
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Figure 7 Relation between Driver Output Waveform and Level Voltages 



AV(V) 




Level voltage range 



10 28 
Vcc-VEE (V) 



Figure 8 Relation between Vcc - V EE and AV 
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AC Characteristics for the HD66205F/HD66205TF (V cc = 5 V ± 10%, GND = V, and Ta = -20 to 
+75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit Note 


Clock cycle time 


tcYC 


CL 


10 




LLS 


Clock hiah-level width 1 


tcWH 


CL 


50 




ns 


vslU{*f\ IUW lOVOI WIUlll 


tcWL 


V/L 


1 




U.S 


Clock rise time 




CL 




30 


ns 


Clock fall time 


tf 


CL 




30 


ns 


Data setup time 


tos 


Dl. CL 


100 




ns 


Data hold time 


bH 


Dl. CL 


100 




ns 


Data output delay time 


bD 


DO, CL 




3.0 


U.S 1 


Data output hold time 




DO, CL 


100 




ns 



AC Characteristics for the HD66205FL/HD66205TFL/HD66205T (V cc = 2.7 to 5.5 V, GND = V, 
and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit Note 


Clock cycle time 


tcYC 


CL 


10 




US 


Clock high-level width 1 




CL 


80 




ns 


Clock low-level width 




CL 


1.0 




U.S 


Clock rise time 


tr 


CL 




30 


ns 


Clock fall time 


tf 


CL 




30 


ns 


Data setup time 


*DS 


Dl, CL 


100 




ns 


Data hold time 


*DH 


Dl, CL 


100 




ns 


Data output delay time 


X 0D 


DO, CL 




7.0 


U.S 1 


Data output hold time 


*DHW 


DO, CL 


100 




ns 


Notes: 1 . The load circuit shown in figure 9 is connected. 




test point 


O 


x 30 pF 






Figure 9 Load Circuit 
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Figure 10 LCD Controller Interface Timing 
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HD66214T (Micro-TAB) 

(80-Channel Column Driver 
in Micro-TCP) 

Description 

The HD66214T, the column driver for a large 
liquid crystal graphic display, features as many as 
80 LCD outputs powered by 80 internal LCD 
drive circuits. This device latches 4-bit parallel 
data sent from an LCD controller, and generates 
LCD drive signals. In standby mode provided by 
its internal standby function, only one drive circuit 
operates, lowering power dissipation. The 
HD66214, packaged in an 8-mm-wide micro-tape 
carrier package (micro-TCP), enables a compact 
LCD system with a narrower frame (peripheral 
areas for LCD drivers) — about half as large as 
that os an existing system. The HD66214T is a 
low power dissipation device powered by 2.7-5.5 
V suitable for battery-driven portable equipment 
such as notebook personal computers and palm- 
top personal computers. 



Ordering Information 



Type No. 


Voltage Range 


Outer Lead Pitch 1 


Outer Lead Pitch 2 


Device Length 


HD66214TA1 


2.7-6.5 V 


0.15 mm 


0.80 mm 


3 sprocket holes 


HD66214TA2 


2.7-5.5 V 


0.18 mm 


0.80 mm 


3 sprocket holes 


HD66214TA3 


2.7-6.5 V 


0.20 mm 


0.80 mm 


3 sprocket holes 


HD66214TA6 


2.7-6.5 V 


0.20 mm 


0.45 mm 


3 sprocket holes 


HD66214TA9L 


2.7-5.5 V 


0.22 mm 


0.45 mm 


2 sprocket holes 



Notes: 1 . Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 

2. Device length includes test pad areas. 

3. Spacing between two sprocket holes is 4.75 mm. 

4. Tape film is U pi rex (a trademark of Ube Industries, Ltd.). 

5. 35-mm-wide tape is used. 

6. Leads are plated with Sn. 

7. The details of TCP pattern are shown in " The Information of TCP. " 



Features 

• Duty cycle: 1/64 to 1/240 

• High voltage 

— LCD drive: 10-28 V 

• High clock speed 

— 8 MHz max under 5-V operation 
(HD66214T) 

— 4 MHz max under 3-V operation 
(HD66214TL) 

• Display off function 

• Internal automatic chip enable signal generator 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 

• 98-pin TCP 
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Pin Arrangement 



Vcc 

"e 

DO 
D1 
D2 
D3 
CL2 
CL1 
M 



DISPOFF 
CAR 
Vcc 
SHL 
GND 
VEE 
V4 
V3 
V1 



11 



J2 



D3 
I|4 

17 

1* 

U9 



1 10 
|11 

1 12 
1 13 
1 14 
1 15 
1 16 
117 
118 



Top view 



98 | 
97 | 
96 I 



21 | 
20 I 



19 r 



1 

Dummy 

Y1 
Y2 
Y3 



Y78 
Y79 
Y80 

1 

Dummy 
J 
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Pin Description 



Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


Vcc 


1. 12 


V C c 


— 


Power supply 


GND 


14 


GND 


— 


Power supply 


Vee 


15 


Vee 


— 


Power supply 


V1 


18 


V1 


Input 


Power supply 


V3 


17 


V3 


Input 


Power supply 


V4 


16 


V4 


Input 


Power supply 


CL1 


8 


Clock 1 


Input 


Control signal 


CL2 


7 


Clock 2 


Input 


Control signal 


M 


9 


M 


Input 


Control signal 


D -D 3 


3-6 


Data 0-data 3 


Input 


Control signal 


SHL 


13 


Shift left 


Input 


Control signal 


E 


2 


Enable 


Input 


Control signal 


CAR 


11 


Carry 


Output 


Control signal 


DISPOFF 


10 


Display off 


Input 


Control signal 


Y 1~ Y 80 


19-98 


Y1-Y80 


Output 


LCD drive output 



724 



HITACHI 



HD66214T 



Pin Functions 



M: Changes LCD drive outputs to AC. 



Power Supply 

V cc , V E e» GND: V CC -GND supplies power to the 
internal logic circuits. Vcc-VEE supplies power 
to the LCD drive circuits. 

VI, V3, V4: Supply different levels of power to 
drive the LCD. VI and V^e are selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 

Control Signal 

CL1: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via D0-D3 at the falling edge of each 
CL2 pulse. 



Dq-D;: Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 

SHL: Shifts the destinations of display data 
output See figure 2. 

E: A low E enables the chip, and a high E disables 
the chip. 



CAR: Outputs the E signal to the next HD66214 if 
HD66214s are connected in cascade. 



DISPOFF: A low DISP sets LCD drive outputs 
Yi-Y 80 toVl level. 

LCD Drive Output 

Y i~ Y 80 : Eacn Y outputs one of the four voltage 
levels VI, V3, V4, or V E £, depending on a 
combination of the M signal and display data 
levels. See figure 3. 




Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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SHL = low 



SHL = high 



iLiL Aif 



DO 
D1 

D2_ 

D3rTait 



3ri3 Tit 



itft jftif 



1st 2nd 



Last 



Figure 2 Selection of Destinations of Display Data Output 



M 1 

D ■ — 
Y output level 


1 

1 

<-> 



<-> 


o 

1 

<— > 


I 



<-> 


r 


VEE 


V4 


V1 


V3 



Figure 3 Selection of LCD Drive Output Level 
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Block Functions 

Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit 

4-Bit Latch Circuit 

The 4-bit latch circuit latches 4-bit parallel data 
input via the DO to D3 pins at the timing generated 
by the control circuit. 

Line Data Latch Circuit 

The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 



Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit 

LCD Drive Circuit 

The 80-bit LCD drive circuit generates four 
voltage levels VI, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 



Block Diagram 



Y1-Y80 




SHL — 
CL2 — 

E — 
CAR<" 



Controller 
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Comparison of the HD66214 with the HD61104 




Item 


HD66214 


HD61104 


Clock speed 


8.0 MHz max. 


3.5 MHz max. 


Display off function 


Provided 


Not provided 


LCD drive voltage range 


10-28 V 


lO—^o v 


Relation between SHL and 
LCD output destinations 


See figure 4 


See figure 4 


Relation between LCD output 
levels, M, and data 


See figure 5 


oee iigure o 


LCD drive V pins 


V1.V3, V4 

(V2 level is the same as VEE level) 


V1,V2,V3,V4 


Storage temperature 


-40to125°C 


-55 to 125°C 


Package 


TCP (tape carrier package) 


QFP (quad flat package) 



££££££££ 



CO ^J-IO cnh- CO 01 O 

rir> fclh- ^ So 
> >->- >>■ >> > 





8o8 


S3 








DO 
D1 
D2 


A^Jl iLJi 


D3 


Last 2nd 1st 



CO eni^ <Y)0> o 

>>->->->->->->■ >>->->->->.>->» 



■■■■■■■■IMIililSil 



SHL -low 



1st 2nd 

SHL »low 



Last 



££££££££ 



CO ^±Uf) COf^ CO CD o 



CO ^*U> (Oh- COd O 

£££££ ^oo 





88588858 8S588S58 




DO 
D1 
D2 


JULJU 


DO 
D1 
D2 


JLJL...JL4 


D3 


1st 2nd Last 


D3 


Last 2nd 1st 



SHL -high 



SHL .high 



HD66214 



HD61104 



Note the exact reverse relation for the two devices. 



Figure 4 Relation between SHL and LCD Output Destinations for the HD66214 and HD61104 
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M_J ; 1 r - M _J " 1 Q_ 



D— H~» 1~n r- D — lJLj~ 



w VEE.V4 ,V1 ,V3 , - ..V1.V3.V2.V4. 

Y output level H — — M« — H« — H Y output level H — H« — M« — M« — H 

HD66214 HD61104 
Figure 5 Relation between LCD Output Levels, M, and Data for the HD66214 and HD61104 
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Operation Timing 



Line 



CL2 



PtJlJlL ^JIlRJIl. J^JllR 



1 2 3 



19 20 



ZXZ30CZ--IXDC 



Data 



CL1 

CAR 
(No. 1) 

CAR 
(No. 2) 

CAR 
(No. 3) 

CAR 
(No. n) 

Y1-Y80 



3 IpOOCZ — ZDOOCZ — ZJZX 
_Jv 



HD66214 no. 1 latches data 



21 



HD66214no.2 
latches data 



HD66214no.3 
latches data 



PL 



HD66214no. n 
latches data 
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Application Example 



LCD panel of 640 x 240 dote; 
1*40 duty cyde 




S3 




Rl Rl R2 Rl Rl 



Notes: 1 . The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kft and 33 kft, respectively. That 
is, R1 /(4 • R1 + R2) should be 1/15. 

2. To stabilize the power supply, place two 0.1 -jxF capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vqc and Vgg pins. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1 


Power supply voltage for LCD drive circuits 


Vee 


V cc -30.0 to V cc + 0.3 


V 




Input voltage 1 


Vn 


-0.3 to V cc + 0.3 


V 


1,2 


Input voltage 2 


V T 2 


V EE - 0.3 to V cc + 0.3 


V 


1,3 


Operating temperature 


T"opr 


-20 to +75 


°c 




Storage temperature 


T s tg 


-40 to +125 


°c 





Notes: 1. The reference point is GND (0 V). 



2. Applies to pins CL1, CL2, M, SHL, E, D -D 3t DISPOFF. 

3. Applies to pins V1 , V3, and V4. 

4. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 



Electrical Characteristics 

DC Characteristics for the HD66214T (V cc = 5 V ± 10%, GND = V, V cc - V EE = 10 to 28 V, and 
Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Typ. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


V,H 


1 


0.7 x V cc 




Vcc 


V 






Input low voltage 


V,L 


1 







0.3 x V cc V 






Output high voltage 


VOH 


2 


V CC -0.4 






V 


l OH » -0.4 mA 




Output low voltage 


Vol 


2 






0.4 


V 


Iql - 0.4 mA 




Vi-Yj on resistance 


R ON 


3 






4.0 


kn 


Ion - 100 uA 


1 


Input leakage current 1 


I|L1 


1 


-1.0 




1.0 


uA 


V| N -V cc toGND 




Input leakage current 2 


'lL2 


4 


-25 




25 


HA 


V, N «V cc toV EE 




Current consumption 1 


>GND 








3.0 


mA 


f CL 2 - 80 MHz 
f CL1 = 20 kHz 
V C c-V EE «28V 


2 


Current consumption 2 


Iee 






150 


500 


uTV 


Same as above 


2 


Current consumption 3 


1st 








200 


HA 


Same as above 


2,3 



Pins and notes on next page. 
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DC Characteristics for the HD66214T (V cc = 2.7 to 5.5 V, GND = V, V cc - V EE = 10 to 28 V, and 



Ta = -20 to +75°C, unless otherwise noted.) 












Ham 
Horn 


wyiDDUl 


r 1119 


Min 

■Villi. 


Max. 


Unit 


WWllUIUUIl 




lnr\i it Kinh v/nltariA 
input iiiyii vuiiayt* 


\/.. . 
V IH 


1 


7* S/r^rs 


Vcc 


V 






Input low voltage 


V.L 


1 




0.3 x V cc V 






Output high voltage 


VOH 


2 


V CC -0.4 




v 


•oh " -0-4 mA 




Output low voltage 


Vol 


2 




0.4 


v 


Iql ■ 0.4 mA 




Vi-Yj on resistance 


Ron 


3 




4.0 


kn 


Ion - 100 ^iA 


1 


Input leakage current 1 


IL 1 


1 


-1.0 


1.0 


uA 


V|N-V CC toGND 




Input leakage current 2 


III 9 


4 


-25 


25 


uA 


Vin « V C c to V EE 




Current consumption 1 


•gnd 






1.0 


mA 


f CL 2 - 4.0 MHz 
f CL i»16.8 kHz 
Tm » oo nz 
V CC -3.0 V 
Vcc-V EE -28V 
Checker-board 
pattern 


2 


Current consumption 2 


>ee 






500 


HA 


Same as above 


2 


Current consumption 3 


"ST 






50 


HA 


Same as above 


2,3 



Pins: 1 . CL1, CL2, M, SHL, E, D -D 3 , DISPOFF 



2. CAR 

3. Y 1 -Y 80 ,V1,V3,V4 

4. V1.V3.V4 

Notes: 1. Indicates the resistance between one pin from Yi-Yso and another pin from V1, V3, V4, and 
V EE , when load current is applied to the Y pin; defined under the following conditions. 

V CC -GND = 28V 

V1.V3«V cc -{2/10(Vcc-V EE )} 

V4 = V EE + {2/10(V C c-V EE )} 

V1 and V3 should be near Vcc level, and V4 should be near V EE level (figure 6). All voltage 
must be within AV. AV is the range within which Rqn» the LCD drive circuits' output 
impedance, is stable. Note that AV depends on power supply voltage V CC -V EE (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, V (H and V )L must be held to Vcc 
and GND levels, respectively. 

3. Applies to standby mode. 
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Figure 6 Relation between Driver Output Waveform and Level Voltages 



AV(V) 



5.6 



2.0 




Level voltage range 



10 28 
Vcc-VEE (V) 



Figure 7 Relation between V cc - V EE and AV 
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AC Characteristics for the HD66214T (V cc = 5 V ± 10%, GND = V, and Ta = -20 to +75°C, unless 
otherwise noted.) 



Item 


Symbol 


Pins 


Mln. 


Max. 


Unit 


Notes 


Clock cycle time 


tcYC 


CL2 


125 




ns 




Clock high-level width 1 


*CWH 


CL1, CL2 


45 




ns 




Clock low-level width 


feWL 


CL2 


45 




ns 




Clock setup time 


ted. 


CL1 , CL2 


80 




ns 




Clock hold time 




CL1 , CL2 


80 




ns 




Clock rise time 


V 


CL1, CL2 




*1 


ns 


1 


Clock fall time 


tf 


CL1 , CL2 




*1 


ns 


1 


Data setup time 




D -D 3 , CL2 


20 




ns 




Data hold time 


*dh 


D0-D3, CL2 


20 




ns 




Enable (E) setup time 


fesu 


E, CL2 


30 




ns 




Carry (CAR) output delay time 


tCAR 


CAR, CL2 




80 


ns 


2 


M phase difference time 




M, CL2 




300 


ns 




CL1 cycle time 




CL1 


tcYC x 50 




ns 




AC Characteristics for the HD66214T (V cc 
otherwise noted.) 


= 2.7 to 5.5 V, GND = V, and Ta = -20 to +75°C, unless 


item 


Symbol 


Pins 


Mln. 


Max. 


Unit 


Notes 


Clock cycle time 


tCYC 


CL2 


250 




ns 




Clock high-level width 1 




CL1.CL2 


95 




ns 




Clock low-level width 


tcWL 


CL2 


95 




ns 




Clock setup time 


ted 


CL1.CL2 


80 




ns 




Clock hold time 


tHCL 


CL1,CL2 


120 




ns 




Clock rise time 


tr 


CL1.CL2 




*1 


ns 


1 


Clock fall time 


tf 


CL1.CL2 




*1 


ns 


1 


Data setup time 


tos 


D0-D3, CL2 


50 




ns 




Data hold time 


X DH 


D0-D3, CL2 


50 




ns 




Enable (E) setup time 


*ESU 


E, CL2 


65 




ns 




Carry (CAR) output delay time 


*CAR 


CAR, CL2 




155 


ns 


2 


M phase difference time 


*CM 


M, CL2 




300 


ns 




CL1 cycle time 


ten 


CL1 


tcYC x 50 




ns 





Notes: 1 . t r , tf < (tcYC ~ *cwh " ^wl^ anc ' tf ' tf ~ 50 ns 



2. The load circuit shown in figure 8 is connected. 
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Test point o- 



"1 



30 pF 



Figure 8 Load Circuit 



CL2 



D0-D3 



CL1 



CL2 



CAR 



tr 
k— > 



tCWH 
< _> 



tf 




0.7Vcc- 
0.3Vcc 



tDS 
K H 



tCWL 
h« — > 




tDH 
K H 



tCYC 




0.7Vcc 
).3Vcc 



X 



0.7Vcc 



tCWH 



tSCL 



tCL1 




X 



0.3Vcc 



tHCL ( 



tCAR^ ^ 

if- 0.8Vcc 



tCAR 



0.2Vcc 



/ 



< > 



M 



X 



tCM 



V 

0.3Vcc 4^ 



tESU 



0.7Vcc 
0.3Vcc 



Figure 9 LCD Controller Interface Timing 
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(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 



Description 

The HD66224T is a column driver for dot matrix 
liquid crystal graphic display ststem. It has 80 
liquid crystal drive circuits and can drive large 
LCDs. The column driver latches parallel data for 
display (4/8 bit parallel) from the controller, then 
generates a drive signal and selects the proper LCD 
drive voltage. A built-in standby function that 
allows all internal drivers except one to be placed 
in standby mode (1ST) lowers device power 
consumption. The column driver package is a 7.5- 
mm wide ultra-small tape carrier package (TCP), 
allowing designs using half the frame area of 
conventional displays. 

The column driver can be used in a wide range of 
battery-powered designs because its logic power 
supply can operate with an input voltage ranging 
from 2.5 to 5.5 V. 



Features 

• Display duty cycle: 1/64 to 1/240 

• Number of liquid crystal drive circuits: 80 

• Parallel data transfer: 4/8 bits 

• High voltage: Drive voltage 10-28 V (absolute 
maximum rating 30 V) 

• High-speed operation: Maximum clock speed 8 
MHz (for 5 V) or 6.5 MHz (for 2.5 V) 

• Logic power supply voltage: 2.5-5.5 V 

• Built-in display off function 

• Built-in automatic generation function for chip- 
enable signal 

• Built-in standby function 

• 107-pin TCP 



Ordering Information 



Type No. 


Data Input 


Input Format 


Outer Lead Pitch (jxm) 


HD66224TA1 


4-bit input 


Straight 


210 


HD66224TA2 


4-bit input 


Straight 


200 


HD66224TB0 


8-bit input 


Straight 


200 



Note: The detaiis of TCP pattern are shown in "The Information of TCP." 
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Internal Block Diagram 

Figure 1 is a block diagram of the HD66224T. 

Liquid-Crystal Drive Circuit 

The LCD drive circuit selects from four available 
voltage levels (Vi, V3, V4, and Vee) based on the 
combination of the data of latch circuit 2 and input 
to pin M. The circuit outputs the selected voltage to 
the LCDs. 

Level Shifter 

The level shifter circuit raises the voltage of the 
logic power-supply voltage to the level used for 
driving the LCDs. 

Latch Circuit 2 

The 80-bit latch circuit 2 latches data from latch 



circuit 1 on the falling edge of clock CL1 and 
outputs the data to the level shifter circuit. 

Latch Circuit 1 

Latch circuit 1 consists of 4/8-bit parallel data 
latches that store input data D to D 7 when signaled 
by the shift register. 

Control Circuit 

The control circuit generates signals that fetch the 
data for input to latch circuit 1. 

Data Rearrange Circuit 

The data rearrange circuit performs left to right 
(SHL) inversion on data D to D 7 . 



Y v toY 80 



V1L 
V 3 L 
V 4 L 
V EE L 
M 

Voc1.Vcc2 
GND 



BS 



X 



Liquid-crystal drive circuit 




V 3 R 
V 4 R 
V EE R 



Latch circuit (2) 



• DlSP 



D toD 7 ^ Data orange 
= circuit 



Latch circuit (1) Latch circuit (1 ) 



7"V 



SHL 
CL2 




Control circuit 



CL1 



EI01 



EI02 



Figure 1 Block Diagram 
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Pin Arrangement 




DC DC DC DC 



s 



co =J 

CD X 

CO 



o o 



CM CO it lO 



O O O Q O 



3 



-J~ J? ^ ^ 



Note: This illustration does not correspond to the external shape of the TCP package. 



Pin Description 
Table 1 Pin Description 
Pin 

Type Symbol Number Pin Name I/O Function 



Power 
supply 



Vcd 


89 


Vcd 


Vcc2 


102 


Vcc2 


GND 


86 


GND 


V EE L 


107 


V EE L 


V EE R 


81 


V EE R 


V,L 


104 


ViL 


V,R 


84 


V,R 


V 3 L 


105 


V 3 L 


V 3 R 


83 


V 3 R 


V 4 L 


106 


V 4 L 


V 4 R 


82 


V 4 R 



Vcc- GND: Connect to logic power supply. 

Vcc ~ Vee : Connect to power supply for liquid-crystal 
drive circuit. 



i Liquid crystal drive level power supply 




V 1t Vee: selected level 
V 3 , V 4 : nonselected level 

The power supply should maintain the condition Vcc > V 1 > 
V3> V 4 > Vee- The L and R sides of V^V^, and V 4 are 
separated within the device, so the potentials externally 
supplied to them must be identical. 
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Table 1 Pin Description (cont) 



lype 


wymuwi 


Pin 

WUIIIWI 


Pin Name I/O 

rill IvCUIIO l/w 


Function 




VsUlluUI 

signal 


CA 1 




CAnrk 1 I 


Synchronizes the drive signal that latches display data into 
latch circuit 2. 




CL2 


93 


Clock 2 1 


Synchronizes the drive signal that latches display data into 
latch circuit 1 . 




M 


91 


M 1 


Converts the liquid crystal drive output to AC. 




D -D 7 


94 to 101 


Data 0-7 1 


Display Data LCD Drive Output 


LCD 










High Selected level 


On 










Low Nonselected level 


Off 




SHL 


88 


Shift left 1 


Inverts the data output destination. 
4-bit input mode: 





SHL 



Low 



High 



Input data and latch address 





<§ 


Q 




<$ 


<S 








Do 
Di 
D 2 
D 3 









CO 

Q C 


CM i- 

5 Q C 


O O 

5 O C 


N *- O 

1 Q O 


Do 
Di 
D 2 
D 3 


J*— fit- 





££££££££ 



8-bit input mode: 



SHL 



Input data and latch address 



Low 







a 




m 
Q 


<? 


to 

a 


to 
Q 


O 


Do 
D, 

Dy 









oooooooo 



High 





Q 


o 


m 
O 


<J 


Q 


CM 

O 


Q 




Do 
Di 

D 7 


a 





££££££££ 
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Table 1 Pin Description (cont) 



Type Symbol 



Pin 

Number 



Pin Name I/O Function 



Control 

Signal 

(cont) 



□SPOFF 90 Display off I When the liquid cry stal output nonselected level control input 

pin drives DSPOFFlow, the liquid crystal drive output (Y 1 to 
Yeo) is set to the V1 level. 



B01 103 
B02 85 



Enable 
I/O 1 

Enable 
I/O 2 



I/O I/O pins for chip selection. Input/output is controlled by SHL 
input. 



SHL 


Enable I/0 1 


Enable I/O 2 





Output 


Input 


1 


Input 


Output 



When the enable input signal goes low, data fetch begins. 
When all data has been fetched, the enable output changes 
from high to low and the next stage IC starts up. 



BS 87 Bus select I Switches the number of input bits for the display data. When 

high, places the device in 8-bit input mode; when low, 
changes the device to the 4-bit input mode. 



Liquid 
crystal 
drive 
output 



to Y 80 1 to 80 Yi to Y 80 O 



Outputs one of the four voltage levels V 1f V 3 , V 4 , or V^e. 
based on the combination of the M signal and the display 
data. 



AC signal M 
Display data 
Output level 



l — L 



v EE v 4 V, v 3 



Note: and low levels inoicate ground level. High levels indicate V C c level. 
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Sample Application 

Figure 2 shows an example of an LCD panel 
comprised of 640 x 200 dots, using the HD66224T. 
The recommended common driver is HD66215. 
For 640 x 400 dots, extend the configuration shown 
to configure two screens. 

Rl and R2 differ depending oh the LCD panel 
used. For a 1/15 bias, for example, Rl = 3 kQ and 
R2 = 33kQ are used so that R1(4R1 + R2) = 1/15. 



When designing a board locate bypass capacitors as 
close to each device as possible, to stabilize the 
power supply. We recommend that two capacitors 
(of about 0.1 pF) be used with each HD66224T. 
One capacitor should be connected between V cc 
and GND, and one between V cc and V^. 
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seg639 
seg638 
I 



HD66224T 
(8) 



LCD pane! 
640 x 200 
1/200 duty cycle 




DISPOFF 
D -D 7 
M 




33* 






CO 
Q 



EE 6^ 




Figure 2 Application Example 
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Absolute Maximum Ratings 
Parameters 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage Logic circuit 


V C c 


-0.3 to +7.0 


V 


*1 


Liquid crystal drive circuit 


V EE 


V cc -30.0to Vcc + 0.3 






Input voltage (1) 


Vti 


-0.3 to Vcc + 0-3 


V 


*1, *2 


Input voltage (2) 


V T 2 


V EE - 0.3 to Vcc + 0.3 


V 


*1,*3 


Operating temperature 


T"opr 


-20 to + 75 


°c 




Storage temperature 


Tstg 


-40 to +125 


°c 





Notes: 1. Indicates the potential from GND. 



2. Applies to the CL1 , CL2, M, SHL, H5T; BOg D to D 7 , and DISPOFF pins. 

3. Applies to the V 1 , V 3 , and V 4 pins. 

4. When a device is used outside of the absolute maximum ratings, it may suffer permanent 
damage. Exceeding the limits may cause malfunctions and have negative effects on device 
reliability. We recommend that device operating parameters be kept within these limits. 

Electrical Characteristics 

Table 2 DC Characteristics (1) (Unless otherwise specified, V cc = 5 V ± 10%, GND = V, 
V cc - Vee = 10 to 28 V, T a = -20 to +75°C) 



Measurement 



Parameter 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Conditions Notes 


Input high 
level voltage 


V, H 


CL1.CL2, M, 
SHL, D to D 7 


0.8 x V cc 




Vcc 


V 




Input low 
level voltage 


V|L 


B01, B02, 
DSPOFF, BS 







0.2 x V CC 


V 




Output high 
level voltage 


VOH 


B01, B02 


V CC "0.4 






V 


'oh ■ "0.4 mA 


Output low 
level voltage 


Vol 


BOI, B02 






0.4 


V 


Iol ■ 0.4 mA 


Resistance 
between Vi 
andYj 


R ON 


Yi toY 80 , V 1f 

v 3 , v 4 




0.6 


1.5 


kn 


l ON = 100u.A *1,*2 


Input 
leakage 
current 1 


I|L1 


CL1.CL2, M, 
SHL, DO to D7, 
B01, B02, 
DSPOFF, BS 


»1.0 




1.0 


uA 


ViN = V C ctoGND 


Input 
leakage 
current 2 


'lL2 


Vi,V 3 ,V 4 


-25 




25 


HA 


V| N = V cc toV EE 
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Table 2 DC Characteristics (1) (cont) 

Measurement 

Parameter Symbol Pin Min Typ Max Unit Conditions Notes 

Current Iqnd — — — 3.0 mA f^ 88 8.0 MHz *3 

consumption 1 feu * 20 kHz 

Current — — 150 500 v cc _V EE ~ 28V 

consumption 2 

Current \ S j — — — 200 uA *3, *4 

consumption 3 

Notes: 1 . This is the resistance value between the Y pin and V pin M , V 3 , V 4l or V EE ) when a load current 
flows to one of the pins Y-j to Yqq. Set with the following conditions: 
V C c-V EE = 28V 
Vi,V 3SS Vcc-2/10(V C c-V EE ) 
V 4 «V ee + 2/10(Vcc-V E e) 

2. Describes the voltage range for the liquid-crystal drive level power supply. A voltage near V cc is 
supplied to V-, and V 3 . A voltage near V EE is supplied to V4. Use within the range of AV for each. 
These ranges should be set so that the impedance ROM of the driver output obtained is stable. 
Note also that AV depends on the power supply voltage (Vcc - V EE ). See figure 3. 

3. Excluding the current flowing to the input area and output area. When the driver uses an 
intermediate level for input, a through current flows to the input circuit and the power supply 
current increases, so be sure that Vih = Vcc and Vil = GND. 

4. Current during standby. 




Figure 3 Relationship between Driver Output Waveform and Level Voltages 
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Table 3 DC Characteristics (2) (Unless otherwise specified, V cc = 2.5 to 4.5 V ± 10%, GND » V, 
Vcc-Vee = 10-28 V, T a = -20to +75°C) 



Measurement 



Parameter 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Conditions 


Input high level 
voltage 


V, H 


CL1 , CL2, M, 
SHL, D tdD 7 


0.8 x V cc 




Vcc 


V 




Input low level voltage V jL 


B01, B02, 
DSPOFF, BS 





— 


0.2 x V cc 


V 




Output high level 
voltage 


VOH 


B01, B02 








v 


li>Mj as — n A mA 


Output low level 
voltage 


Vol 


B01, B02 






0.4 


v 


I ~, _ ft A mA 


Resistance between 
Viand Yp-* 2 


Ron 


Y< to Yoa V< Vo 

* 1 lw 1 80» v 1 » v 3» 

v 4 




0.6 


1.5 


kO 


l^ki » 1 nn 11 A 
•ON • uu 


Input leakage 
current 1 


«IL1 


CL1 CL2 M 
SHL, D to D 7 , 
BOI, B02; 
DSPOFF, BS 


-1.0 




1.0 


U.A 


Vim a V^/% to GND 


Input leakage 
current 2 


l|L2 


Vi,V 3 ,V 4 


-25 




25 


HA 


V(N - V cc toV EE 


Current 

consumption 1 * 3 


'gnd 








1.5 


mA 


f C L2 - 6.5 MHz 
feu -16.8 kHz 


Current 
consumption 2 


Iee 








500 


HA 


f m - 35 Hz 
VCC * 3.0 V 


Current 

consumption 3* 3 - * 4 


1st 








50 




Vcc-VEE-28 V 



Notes: 1 . This is the resistance value between the Y pin and V pin (V 1 , V 3 , V 4 , or V EE ) when a load current 
flows to one of the pins Y 1 to Y^. Set with the following conditions: 
Vcc-Ve E = 28 V 
V1, V 3S =Vcc-2/10(V C c-V EE ) 
V 4 = V EE + 2/10(V C c-V EE ) 



2. Describes the voltage range for the liquid-crystal drive level power supply. A voltage near Vcc is 
supplied to V-) and V 3 . A voltage near V EE is supplied to V 4 . Use within the range of AV for each. 
These ranges should be set so that the impedance ROM of the driver output obtained is stable. 
Note also that AV depends on the power supply voltage (Vcc ~ V EE ). See figure 3. 

3. Excluding the current flowing to the input area and output area. When the driver uses an 
intermediate level for input, a through current flows to the input circuit and the power supply 
current increases, so be sure that V| H = Vcc and V )L * GND. 

4. Current during standby. 
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Table 4 AC Characteristics (1) (Unless otherwise specified, V cc = 5.0 V ±10%, GND = V, 
T a = -20to+75°C) 



Parameter 


Symbol 


Pin 


Min 


Clock cycle time 


tcYC 


CL2 


125 


Clock high level width 2 


*CWH2 




45 


Clock low level width 2 


tcwt.2 






Data setup time 


fas 


D to D 7 , CL2 


30 


Data hold time 


fan 






Clock high level width 1 


tcWHl 


CL1 


45 


CL2 rise to CL1 rise 


tLD 


CL1.CL2 


30 


CL2 fall to CL1 fall 


ted 




45 


CL1 rise to CL2 rise 


tLS 






CL1 fall to CL2 fall 


tHCL 






Input signal rise time* 1 


t r 







Input signal fall time* 1 t f 



Table 5 AC Characteristics (2) (Unless otherwise specified, V cc = 2.5 V to 4.5 V, GND = V, 
T a = -20to+75°C) 



Parameter 


Symbol 




Pin Min 


Max Unit 


Clock cycle time* 2 


*CYC 




CL2 152 


— ns 


Clock high level width 2 


t CWH2 




65 




Clock low level width 2 


*CWI_2 








Data setup time 


Ids 




D to D 7> CL2 50 




Data hold time 


fan 




40 




Clock high level width 1 






CLt 65 




CL2 rise to CL1 rise 


tLD 




CL1.CL2 20 




CL2falltoCL1 fall 


*SCL 




65 




CL1 rise to CL2 rise 


t LS 








CL1 fall to CL2 fall 


*HCL 








Input signal rise time* 1 


tr 






50 


Input signal fall time* 1 


tf 






50 


Notes (tables 4 and 5): 1 . 


This is the resistance value between the Y pin and V pin (V-j, V3, V 4> or V E e) 

when a load current flows to one of the pins to Y 8 o- Set with the following 

conditions: 

Vcc-V EE = 28V 

V 1 ,V 3 = Vcc-2/10(Vcc-V E e) 

V 4 = V EE + 2/10(Vcc-V EE ) 



2. t r , t f < 11 ns 
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AC Characteristic Test Waveforms 

Figure 4 shows test point loading and test 
waveforms. Connect test points through a 15-pF 
capacitor to ground, as shown at the top of figure 4. 

BS = GND (4-Bit Fetch Mode) 

When the data fetch operation enable signal goes 
low (with SHL = GND and EI02 = GND), data 
standby is cleared. On the next rising edge of clock 
CL2, the standby is cleared. Figure 5 shows timing 
for 4-bit fetch mode operation. When CL2 falls, the 
first 4-bit data fetch is performed. The 4-bit fetches 
continue on each subsequent falling edge of CL2 
until 76 bits have been fetched. The enable signal 
(when SHL = GND, ElOl) then goes to GND 
level. When 80 bits have been fetched, fetch is 



automatically halted (standby). If the "EIOl pin is 
connected to the EI02 pin of the next stage, the 
next device will begin 4-bit fetch operation. 

The data output changes when CL1 falls. The 
output destination for the fetched data when SHL = 
GND is output pin Yso for di, and Yi for dso. 

When SHL = V C c» the destinations are reversed; 
d80 is output to Y80 and di is output to Yi. The 
output level (Vi through V4) is actually selected by 
the combination of the display data and AC signal 
M. 



Test point o- 



"L 



15 pF 



Clock 1 08 V cc 



Clock; 



*CWH1 



tcWH2 
•* ► 



Data to 7 



!V CC 

4 tps H 



4 t3CL »l 



tLS 



*CWL2 
< ► 



2 ±0.* Vcc ^ / \ / 
— T - 0.2 v cc i: T feYC ^ A 



2 V CC 



X 



Priority data 



x 



t r , t f < 



tCYC - t CWH2 " tcWL2 

2 
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Line 



i 
i 



CL2 

Do 
to 

D 7 
CL1 

B02 
(No. 1) 



niTLTLTL 

, 1 2 3 

i 



J]4J¥L 

19|20i 21 22 



_rvvn_rin 



i i 
i i 



i i 
i i 



I I 

I I 

I I 
_i_ 



I I 
I I 



I I 
I I 



Fetch period for 
IC (No. 1)data 



EI02 
(No. 2) 



[ Fetch period for IC (No. 2) data - 



i i 

i i 
"i r 

i i i 

i i i 

i t i 

i i 

i i 
-i r 



rL 

I 

I 

-T 



I I 
I I 



r 



EI02 
(No. 3) 



Fetch period for IC (No. 3) data + W 1 1 



EI02 
(No. 4) 



Fetch period for IC (No. 4) data <- 



j- 



Y,toY 80 



Figure 5 Operation Timing (4-Bit Fetch Mode) 
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BS = V cc (8-Bit Fetch Mode) 

The 8-bit data fetch basic functions are the same as 
in the 4-bit fetch mode. Figure 6 shows timing for 
8-bit fetch mode operation. 



i 
i 
i 



Line 



cl2 jitltltl — jtjitltl — JvyriTn 

11 2 3 9110, 11 12 



i i 
i i 



Do 
to 



mm 



& — D<t>6c)ci---ixixlx~ i 

it iii 
II i| i 

d 7 zixsxsxiv — j&&oa — zxixixz I 

i ii iii 

en Jl I i I i r l 

ii iii 
ii iii 

-T 



E152 f* 

(No.1) j 



Fetch period for 
IC (No. 1)data 



EI02 | Fetch period for IC (No. 2) 6ata<- 
(No.2) ■ 



EI02 _ 

(No. 3) 

i 

EI02 f 

(No. 4) I 



Fetch period for IC (No. 3) data* 



i i 
i i 
i i 
i i 

~i r 

i i 
i i 
i i 
i i 
i i 
-i — — r 

i i 
i i 
i i 
i i 

i i 

n r 

i i 
i i 



Fetch period for IC (No. 4) data <r 



YitoY 80 ~X 



4~ 



3C 



Figure 6 Operation Timing (8-Bit Fetch Mode) 
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(Common Driver for a Dot Matrix Liquid 

Crystal Graphic Display with 100- Channel Outputs) 



Description 

The HD66215T is a common driver for a large dot 
matrix liquid crystal graphic display (LCD). The 
driver's 100 channels can be divided into two 
groups of 50 channels by selecting data input/ 
output pins. Outputs Xj to X 10 and X 91 to X m can 
be disabled by mode selection. Unused output pins 
can be equally distributed above and below the 
pins used for the LCD panel so that the panel can 
be neatly centered on the LCD board. A 101- 
channel output mode can also be selected for an 
application to various display panels. The driver is 
powered by about 3 V, making it suitable for 
battery-driven portable equipment featuring the 
low power dissipation of liquid crystal elements. 

The HD66215T, packaged in a micro-tape carrier 
package (micro-TCP), allows design of a compact 
LCD system with a frame (an area peripheral to the 
LCD panel) about half the width of conventional 
systems. 



Features 

• Duty cycle: About 1/64 to 1/240 

• 100 internal LCD drive circuits (101 -channel 
mode can be selected for a 101 -output version) 

• High output voltage for driving the LCD: 
10-28 V 

• Output division function (50 x 2-output) 

• 10-output through modes 

• 101 -output mode 

• Display off function 

• Internal 100-bit shift register 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 

• Micro-TCP with 3-sprocket-hole width 

• Operating voltage: 2.5-5.5 V 



Ordering Information 






type No. 


Outer Lead Pitch 1 


Outer Lead Pitch 2 


Device Length 


HD66215TA0 


0.23 mm 


1.20 mm 


3 sprocket holes 


HD66215TA1 


0.22 mm 


1.00 mm 


3 sprocket holes 


HD66215TA2 


0.18 mm 


0.85 mm 


3 sprocket holes 



Notes: 1 . Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 

2. Device length includes test pad areas. 

3. Spacing between two sprocket holes is 4.75 mm. 

4. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 

5. 35-mm-wide tape is used. 

6. Leads are plated with Sn. 

7. The details of TCP pattern are shown in "The Information of TCP." 



HITACHI 



751 



HD66215T 



Tape Carrier Package 




Pin Arrangement 



-J 

> 


=? 




UJ 


MODE1 


3 

Q 




DISPOFF 


> 8 


X 

C/) 


DI03 


DI02 


GND 


2 


-J 

O 


Did 


MODE2 


CC 

LU 


5 


5 


> 


T- 


CM 


CO 






CO 




GO 




o 




CM 


CO 


-<* 


LO 


CO 




GO 




8 
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Pin Description 










oymDoi 


Din Kl«% 

fin NO. 


Din KIaima 

rin roams 


inpui/uuipui 


Classification 


v cc 


Q 
O 


v cc 




Power supply 


VaNU 


•i O 








W 1 V/ D 


1, 20 


\/ 1 WD 

V 1 L, V^R 


Input 




V 6 L, V 6 R 


O 4 A 

2, 19 


V 6 L, V 6 R 






V5L, V5H 


O 4 D 

O, lO 


V5L, V5H 






V EE L, Vg E H 


4, 1 / 


V EE L, V EE n 






L/L 


1 A 
14 


VslOCK 




Control signal 


M 
M 


lo 


M 
M 






QUI /D 


A 

y 


on in len/ngni 






LMVJ1 


l!> 


Data 


Input/output 






II 










1U 








DI04 


g 








DlSPOFF 


7 


Display off 


Input 




M0DE1, MODE2 


5, 16 


Model, Mode2 






X1-X100 


21-120 


Xi-Xioo 


Output 


LCD drive output 
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Pin Functions 
Power Supply 

Vco GND: Supply power to the internal logic 
circuits. 

VjL, ViR, V 5 L, V 5 R, V^L, V*R, V EE L, V EE R: 
Supply different levels of power to drive the LCD. 
Vi and Vee are selected levels, and V5 and V 6 are 
non-selected levels. See figure 1. 

Control Signals 

CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts data input via the DIO pins. 

M: Changes LCD drive outputs to AC. 

SHL/R: Selects the data shift direction for the shift 
register and the common signal scan direction 
(figure 2). 

DI01-DI04: Input or output data. DIOl and 



DI02 are data input/output pins for X1-X50, and 
DI03 and DIOl are input/output pins for X5i-X 10 o 
(Xjoi) in 50 x 2-output modes. In a 100-output 
mode, DI02 and DI03 must be short-circuited, and 
DIOl and DI04 are used as data input/output pins. 

DISPOFF: Controls LCD output level. A low 
DISPOFF sets LCD drive outputs Xp-X^ (X 10 i) 
to Vj level. 

MODE1, MODE2: Select an LCD output mode 
(table 1). In 10-output through modes, ten unused 
output pins are made invalid. These ten pins must 
be open in these modes since they output M 
signals. 

LCD Drive Outputs 

x i~ x ioo : Eacn x outputs one of the four voltage 
levels, Vi, V 5 , V 6 , or V E e, depending on a 
combination of the M signal and data levels. See 
figure 3. 



Table 1 


Selection of LCD Output 




MODE1 


MODE2 


Selected Mode 








Normal (100-output) 





1 


1 0-output through (Xj-Xu)) 


1 





(X 91 -X 10 o) 


1 


1 


1 01 -output 





V1 
Vee 



Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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SHL/R 


DI01 


DI02 


DI03 


DI04 


Data shift direction and common 
signal scan direction 


Low 


In 100x1 -output mode 


Input 


L-r-J 
Short-circuited 


Output 


X 1 — " X 100 


In 50 x 2-output mode 


Input 


Output 


Input 


Output 


Xi — ^Xso 


X5i-~X 10 o 


High 


In 100 x 1 -output mode 


Output 


Short-circuited 


Input 


Xioo-*Xi 


In 50 x 2-output mode 


Output 


Input 


Output 


Input 


Xso-^X! 


X100— ^X 51 



For 10-output through modes and 101 -output mode, see Selection of Data Shift Direction 
and Common Signal Scan Direction by SHL/R and DIO Pins in Each Mode. 



Figure 2 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO Pins in Normal Mode (100- Output Mode) 

















v 5 


Vee 


v 6 



Figure 3 Selection of LCD Drive Output Level 
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Block Diagram 



DISPOFF 
M - 
CL- 



Shift register 5 



DI01 
DI02- 
DI03- 
DI04- 
SHL/R- 



Logic 2 



MODE1 - 
MODE2 . 



Level shifter 5 



Logic 3 



Shift register 4 

=3 



Shift register 3 



Shift register 2 

— m 




Level shifter 4 


Level shifter 3 


Level shifter 2 


Level shifter 1 



Shift register 1 

J 



V,R 
V 6 R 
V S R 
VeeR 
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Block Functions 
LCD Drive Circuits 

The 100-bit LCD drive circuits generate four 
voltage levels, Vj, V5, V 6 , and V EE , which drive 
an LCD panel. One of the four levels is output to 
the corresponding X pin, depending on a 
combination of the M signal and the data in the 
shift register. 

Level Shifters 

The level shifters change logic control signals 
(2.5-5.5 V) into high-voltage signals for the LCD 
drive circuit 



Shift Registers 

The 100-bit shift registers shift data input via the 
DIO pin by one bit. The bit that is shifted out is 
output from the DIO pin to the next driver IC. Both 
shifting and output occur simultaneously at the 
falling edge of each shift clock (CL) pulse. The 
SHL/R pin selects the data shift direction. 

Logic 3 

Logic 3 selects which shift register operates depend- 
ing on the settings of MODE1 and MODE2. 
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Data Shift and Common Signal Scan 
Direction 

Figure 4-7 show the data shift direction and and DIO pins in each mode, 
common signal scan direction selected by SHL/R 



SHL/R 


DI01 


DI02 


DI03 


DI04 


Data shift direction and common 
signal scan direction 


Low 


In 100 x 1 -output mode 


Input 


Short-circuited 


Output 


X 1—* X 100 


In 50 x 2-output mode 


Input 


Output 


Input 


Output 


X 1 —*X 50 


X5 1 -*X 1 oo 


High 


In 100 x 1 -output mode 


Output 


"-r-J 

Short-circuited 


Input 


X 10 o— *X! 


In 50 x 2-output mode 


Output 


Input 


Output 


Input 


X 50~*X 1 


Xioo—^Xs! 



Figure 4 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO Pins in 100-Output Mode (MODE1 = and MODE2 = 0) 
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SHL/R 


DI01 


DI02 


DI03 


DI04 


Data shift direction and common 
signal scan direction 


Low 


In 90-output mode 


Input 


Short-circuited 


Output 


X 11-~ X 100 


In 40- and 50-output mode 


Input 


Output 


Input 


Output 




X 51"-^ X 100 


High 


In 90-output mode 


Output 


Short-circuited 


Input 


XlOO - ^ X 11 


In 40- and 50-output mode 


Output 


Input 


Output 


Input 


X 5Q-* X 11 


x 100 — x 51 



Figure 5 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO pins in 10-Output (X^X^) Through Mode 
(MODE1 = and MODE 2 = 1) 
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SHL/R 


DI01 


DI02 


DI03 


DI04 


Data shift direction and common 
signal scan direction 


Low 


In 90-output mode 


Input 


L-r-J 
Short-circuited 


Output 


X 1 "~~ X 90 


In 50- and 40-output mode 


Input 


Output 


Input 


Output 


X 1 "~ ~ X 50 


X 51~* X 90 


High 


In 90-output mode 


Output 


Short-circuited 


Input 


Xgo— ^X 1 


In 50- and 40-output mode 


Output 


Input 


Output 


Input 


X 50~~^X 1 


X9o-^X 51 



Figure 6 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R and 
DIO Pins in 10-Output (X 91 -X 100 ) Through Mode 
(MODE1 = 1 and MODE2 = 0) 
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SHiyR 


DI01 


DI02 


DI03 


DI04 


Data shift direction and common 
signal scan direction 


Low 


In 1 01 -output mode 


Input 


"-r-J 

Short-circuited 


Output 


Xj —**X 10 i 


In 50- and 51 -output mode 


Input 


Output 


Input 


Output 


Xi — **X5o 


X 51 — «-X 10 i 


High 


In 101 -output mode 


Output 


L-r-J 
Short-circuited 


Input 


Xioi-*"X-i 


In 50- and 51 -output mode 


Output 


Input 


Output 


Input 


X50— ^Xi 


Xioi-*X 51 



In 101 -output mode, any 10-output through mode cannot be used. 



Figure 7 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R and 
DIO Pins in 101-Output Mode (MODE1 = 1 and MODE2 = 1) 
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Application Examples 




Notes: 1 . The resistances of R1 and R2 depend on the type of LCD panel used. For example, for an LCD panel with a 1/15 bias, R1 
and R2 must be 3 ka and 33 kQ, respectively. That is, Rl/(4-Rl + R2) should be 1/15. 
2. To stabilize the power supply, place two 0.1 -jiF capacitors near each LCD driver: one between the Vqc and GND pins, and 
the other between the Vqc and V EE pins. 
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Figure 8 LCD Panel of 640 x 400 Dots, 1/200 Duty Cycle 
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Notes: 1 . The resistances of R1 and R2 depend on the type of LCD panel used. For example, for an LCD panel with a 1/15 bias, R1 
and R2 must be 3 kn and 33 kQ, respectively. That is, Rl/(4 • R1 + R2) should be 1/1 5. 
2. To stabilize the power supply, place two 0.1 -fiF capacitors near each LCD driver: one between the Vcc and GND pins, and 
the other between the Vcc and v ee P ins - 



Figure 9 LCD Panel of 640 x 480 Dots, 1/240 Duty Cycle 
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HD66215T(2) 



HD66215T(1) 



Q 



81 



3 



g 
o 



08 

8 



P 



8^ 8* 






8 




Figure 10 Operational Timing in Normal Mode (100-Output Mode, 1/200 Duty Cycle) 
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HD66215T Connection Examples 

Figure 11 shows an example of an HD66215T 
driving a 480-line LCD panel with a 1/240 to 1/250 
duty cycle. Here, selecting MODE1 and MODE2 
disables outputs Xj-Xjq of driver IC1 and outputs 
X91-X100 of driver IC5. As a result, unused driver 
output pins can be equally distributed above and 
below the pins used for the LCD panel so that the 
panel can be neatly centered on the LCD board. In 



addition, since the 100 channels of the driver can 
be divided into two groups of 50 channels by 
selecting data input/output pins, data input is 
divided at the center of the panel (IC3). 

Figure 12 shows an example of an HD66215T 
driving a 400-line LCD panel with a 1/200 to 1/210 
duty cycle. 
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Data- 



Data* 



SHL/R is low 



IC1 



Xi 
X11 



X 10 o 



IC2 



Xi 



v 100 



IC3 



IC4 



MOO 



IC5 



X90 

X100 



Xi 




Line 191 


X50 




Line 240 


X51 




Line 1 


X100 




Line 50 



LCD panel 
X (not output) 



Line 1 



Line 90 



Line 91 



Line 190 



Line 51 



Line 150 



Line 151 



Line 240 



X (not output) 



Upper panel display 
^m—m Division 
Lower panel display 



Figure 11 Connection Example for 480-Line LCD Panel with a 1/240-1/250 Duty Cycle 
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Data 



Data 



SHL/R is low 



IC1 



MOO 



IC2 



MOO 



IC3 



Xi 



MOO 



IC4 



MOO 



LCD panel 



Line 1 



Line 100 



Line 101 



Line 200 



Line 1 



Line 100 



Line 101 



Line 200 



Upper panel display 
Lower panel display 



Figure 12 Connection Example for 400-Line LCD Panel with a 1/200-1/210 Duty Cycle 
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Absolute Maximum Ratings 








Item 


Symbol 


Rating 


Unit 


Note 


Power supply voltage 
for logic circuits 


v cc 


-0.3 to +7.0 


V 


2 


Power supply voltage 
for LCD drive circuits 


Vee 


V cc -30.0toV cc + 0.3 






Input voltage 1 


Vti 


-0.3 to V cc + 0.3 




2,3 


2 


V T2 


V EE -0.3 to V cc + 0.3 




2,4 


Operating temperature 


"l*opr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-40 to +125 







Notes: 1. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunction or 
unreliability. 

2. The reference point is GND (0 V). 

3. Applies to pins CL, M, SHL/R, DI01-DI04 (input), DISPOFF. 

4. Applies to pins V 1t V 5 , and V 6 . 
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Electrical Characteristics 



DC Characteristics (V cc 


= 2.5 to 5.5 V, GND = V, and T a 


= -20 to +75°C, unless otherwise noted) 


Kern 


Symbol 


Pins 


Min 




Max 


Unit 


Condition Note 


Input high voltage 


V|H 


1 


0.7 x V cc 




Vcc 


V 




Input low voltage 


V,L 


1 







0.3 x V cc 






Output high voltage 


VOH 


2 


V CC ~0.4 








| OH * -0.4 mA 


Output low voltage 


Vol 


2 






0.4 




Iql - 0.4 mA 


Vi-Xj on resistance 


Ron 


3 




0.5 


1.0 


kn 


Ion - 1 00 uA 1 


Input leakage current 1 


l|L1 


4 


-1.0 




1.0 


u.A 


V|N = V cc toGND 


2 


'll_2 


5 


-25 




25 




V|N = V cc to V EE 


3 


'lL3 


2 


-5.0 




5.0 




Vin - V cc to GND 


Current consumption (5 V) l GND 








100 




f CL - 19.2 kHz 2 




>EE 








250 




Vcc-V EE «28V 
f FLM = 80 Hz 
V CC -GND«5 V 


(3V)I GND 








50 




f CL = 19.2 kHz 2 




Iee 








250 




Vcc-V EE «28V 



f FLM = 80 Hz 

V CC -GND«3V 

Pins: 1. CL, M, SHL/R, DISPOFF, DI01-DI04 (input) 

2. DI01-DI04 (input) 

3. X r X 100 , V 1t V 5 , V 6 

4. CL, M, SHL/R, MODE1 , MODE2, DISPOFF 

5. V 1f V 5 ,V 6 

Notes: 1 . Indicates the resistance between one pin from X^X^ and another pin from V 1f V 5 , V 6 , and 
V EE , when load current is applied to the X pin. Defined under the following conditions: 

Vcc-V EE «28V 

Vi.V 6 = V cc -{1/10(Vcc-V EE )} 

V 5 -V EE + {1/10 (V cc -v EE » 

V 1 and V 6 should be near Vcc leve, » and v 5 should be near V EE level (figure 4). All voltage must 
be within A V. A V is the range within which R ON , the LCD drive circuits' output impedance, is 
stable. Note that A V depends on power supply voltages Vcc - V EE (figure 5). 

2. Excludes input and output current. When a CMOS input is floating, excess current flows from the 
power supply through the input circuit. To avoid this, Vjh and Vjl must be held to Vcc ana " GND 
levels, respectively. 
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AV 










AV 









Figure 13 Relation between Driver Output Waveform and Level Voltages 




Level voltage range 



10 28 
Vcc-V EE (V) 



Figure 14 Relation between V C c - V EE and A V 
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AC Characteristics (V cc = 2.5 to 5.5 V, GND = V, and T, = -20 to +75°C, unless otherwise noted) 



Item 


Symbol 


Pins 


Mln 


Max 


Unit 


Clock cycle time 


toe 


CL 


10 


— 


U.S 


Clock high-level width 


*CWH 




65 


— 


ns 


Clock low-level width 






1.0 


— 


\xs 


Clock rise time 








50 


ns 


Clock fall time 


tf 










Data setup time 




DI01-DI04, CL 


100 






Data hold time 












Data output delay time* 


ho 






7.0 


U.S 


Data output hold time 






100 




ns 


Note: *The load circuit is shown in figure 15 is connected. 




Figure 15 Load Circuit 



CL 



0.7V CC 
0.3V CC 



DI01-DI04 
(input) 



DI01-DI04 
(output) 



X F 



tDHW 



0.75V CC " 
0.25V C c 



X 



tps 



0.7V CC 
0.3V C c 



tcYC 



X 



X 



Figure 16 LCD Controller Interface Timing 
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(LCD Driver for High Voltage) 



Description 



Pin Arrangement 



The HD66106F LCD driver has a high duty ratio 
and many outputs for driving a large capacity dot 
matrix LCD panel. 

It includes 80 LCD drive circuits and can drive at up 
to 1/480 duty cycle. For example, only 14 drivers 
are enough to drive an LCD panel of 640 X 480 dots. 
It also easily interfaces with various LCD control- 
lers because of its internal automatic chip enable 
signal generator. 

Using this LSI sharply lowers the cost of an LCD 
system. 



Features 

• Column and row driver 

• 80 LCD drive circuits 

• Multiplexing duty ratios: 1/100 to 1/480 

• 4-bit parallel data transfer 

• Internal automatic chip enable signal generator 

• Internal standby function 

• Recommended LCD controller LSIs: 
HD63645F and HD64645F (LCTC) 

• Power supply: +5 V ± 10% for the internal logic, 
and 14.0 V to 37.0 V for LCD drive circuits 

• Operation frequency: 6.0 MHz (max.) 

• CMOS process 



nnnnnm^ 
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(Top view) 



Ordering Iuformation 



Typ No. 


Package 


HD66106FS 


100-Pin Plastic QFP 




(FP-100A) 


HD66106D 


Chip 
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Pin Description 
Power supply 

Vcc» GND: V cc supplies power to the internal 
logic circuit. GND is the logic and drive ground. 

Vlcd : Vlcd supplies power to the LCD drive cir- 
cuit. 

Vi, V2, V3, and V4: V1-V4 supply power for driving 
LCD (figure 1). 



Control signals 

CL1 : The LSI latches data at the negative edge of 
CL1 when the LSI is used as a column driver. Fix 
to GND when the LSI is used as a row driver. 

CL2: The LSI latches display data at the negative 
edge of CL2 when the LSI is used as a column 
driver, and shifts line select data at the negative 
edge when it is used as a row driver. 

M: M changes LCD drive outputs to AC. 

D -D 3 : D -D 3 input display data for the column 
driver (table 2). 



Table 1 Pin Function 



Symbol 


Pin No. 


Pin Name 


I/O 


Vcc 


49 


v cc 




GND 


37 


Ground 




V L CD 


31,36 


Vlcd 






32 


LCD voltage 1 




v 2 


33 


V 2 LCD voltage 2 




v 3 


34 


V 3 LCD voltage 3 




v 4 


35 


V 4 LCD voltage 4 




CL1 


38 


Clock 1 




CL2 


40 


Clock 2 




M 


42 


M 




D0-D3 


46-43 


Data to data 3 




SHL 


39 


Shift left 




E 


47 


Enable 




CAR" 


48 


Carry 





CH1 


41 


Channel 1 


I 


Y,-Y 80 


30-1,100-51 


Drive outputs 1-80 





NC 


50 


No connection 






Vi , V, : Selected level 
V 3 , V 4 : Nonselected level 



Figure 1 Power Supply for Driving LCD 



Table 2 Relation between Display Data and 
LCD State 





Display Data 


LCD Outputs 


LCD 


-V a 


1 (= high level) 


Selected level 


On 




(= low level) 


Nonselected level 


Off 
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SHL: SHL controls the shift direction of display 
data and line select data (figure 2, table 3). 

E: E inputs the enable signal when the LSI is used 
as a column_driver (CHI = V cc ). The LSI is_dis- 
abled when E is high and enabled when low. E in- 
puts scan data when the LSI is used as a row driver 
(CHI = GND). When HD66106Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 



CAR: CAR outputs the enable signal when the 



LSI is used as a column driver (CHI = V cc ). CAR 
outputs scan data when the LSI is used as a row 
driver (CHI = GND). When HD66106Fs are con- 
nected in cascade, CAR connects with E of the next 
LSI. 

CHI: CHI selects the driver function. The chip 
drives columns when CHI = V cc , and rows when 
CHI = GND. 

Yj -Y 8 o : Each Y outputs one of the four voltage 
levels— V! , V 2 , V 3 , or V 4 — according to the com- 
bination of M and display data (figure 3). 

NC: NC is not used. Do not connect any wire. 



Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used as a Row Driver) 

SHL Shift D irection of Shift Register Scan Direction of Selected Line 

V C C E - 1 -2 ->3 -+80 Y, -» Y a - Y 3 - -> Y 80 

GND ¥ -80 - 79 -78 -1 Y 80 - Y 79 - Y 78 - Y t 



DO 




Dl 




D2 




D3 





When SHL = GND 



JUL :: Jlit 



DO 




Dl 




D2 
D3 





When SHL = V cc 



Figure 2 Relation between SHL and Data Output (When LSI is Used as a Column Driver) 



,_r 



Y output level [ 



Y output level |. v » .!■ v » J. v ' ,L v < J 



When Used as a Column Driver 



When Used as a Row Driver 



Figure 3 Selection of LCD Drive Output Level 
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Internal Block Diagram 
LCD Drive Circuits 

The HD66106F (figure 4) begins latching data when 
E goes low, which enables the data latching opera- 
tion. It latches 4 bits of data simultaneously at the 
fall of CL2 and stops automatically (= standby 
state) when it has latched 80 bits. 

Latch Circuit 2 

When the LSI is used as a column driver, latch 
circuit 2 functions as an 80-bit latch circuit. It 
latches the data sent from latch circuit 1 at the 
fall of CL1 and transfers its outputs to the LCD 
drive circuits. 

When the LSI is used as a row driver, this circuit 
functions as an 80-bit bidirectional shift register. 
The data sent from the E pin shifts at the fall of 
CL2. When SHL = V cc , the data shifts from bit 1 
to bit 80 in order of entry. When SHL = GND, the 
data shifts from bit 80 to bit 1. 



Latch Circuit 1 

Latch circuit 1 is composed of twenty 4-bit parallel 
data latches. It latches the display data D -D 3 at 
the fall of CL2 when the LSI is used as a column 
driver. The signals sent from the selector deter- 
mine which 4-bit latch should latch the data. 

Selector 

The selector is composed of a 5 -bit up and down 
counter and a decoder. When the LSI is used as a 
column driver, it generates the latch signal to be 
sent to latch circuit 1 , incrementing the counter at 
the negative edge of CL2. 

Controller 

The controller operates when the LSI is used as a 
column driver. It stops data latching when twenty 
pulses of CL2 have been input (= power-down 
function) and automatically generates the chip 
enable signal announcing the start of data latching 
into the next LSI. 



V,V 2 V 3 V 4 Y,Y,Y 3 Y 4 



YttYisYnYm 



M - 

E - 

CH1- 
SHL- 
CL2- 

CL1- 



— £o 




LCD drive circuits 



Logic 



ID- 



H 



Logic 



80-bit latch circuit and bidirectional 
shift register (Latch circuit 2) 



Logic 



1 1 2 ! 3 1 4 



m 




Latch circuit 1 (4 -bit x 20) 



Logic 



77 78 79 80 



Selector 



Controller 



Figure 4 Block Diagram 
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Functional Description 

When Used as a Column Driver 

The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically (= standby state) 
when it has latched 80 bits. 



Data outputs change at the fall of CLl . Latched 
data di is transferred to the output pin Y t and 
d 8 o to Y 80 when SHL = GND. Conversely, d 80 is 
transferred to Y! and d t to Y 80 when SHL = V cc . 
The output level is selected out of Vj-V^ accord- 
ing to the combination of display data and the 
alternating signal M (figure 5). 



CL2 



Do 



X^DCZX 



TZXEX 



D 3 



XZDCZDC 



CLl 



When SHL = GND 



j 



Y, 



When SHL = Voc 



19 



20 



urn 



i 



x 



X 



x 
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Figure 5 Column Driver Timing Chart 
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When Used as a Row Driver 

The HD66106F shifts the line scan data sent from 
the pin E in order at the fall of CL2. When SHL = 
Vcc, data is shifted from Yi to Yso and Yso to Yi 
when SHL = GND. 



In both cases, the data delayed f or 80 bits by the 
shift register is output from the CAR pin to be- 
come the line scan data for the next LSI (figure 6). 



When SHL = V cc 



12 3 4 



78 79 80 1 



(Next LSI) 



CL2 



n_n_n_n juuui 



Y, 



CAR 



When SHL = GND 



(Next LSI) 



12 3 4 



78 79 80 1 



CL2 



JUTUm rLTLTLTL 



Yi 



CAR 



Figure 6 Row Driver Timing Chart 
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LCD Power Supply 

This section explains the range of power supply 
voltage for driving LCD. V\ and V 3 voltages 
should be near V LCD , and V 2 and V 4 should be 



near GND (figure 7). Each voltage must be within 
AV. AV determines the range within which Rqn » 
impedance of driver's output, is stable. Note that 
AV depends on power supply voltage V LCD -GND 
(figure 8). 



AV 










AV 






1 



v, 

GND 



Figure 7 Driver's Output Waveform and Each Level of Voltage 



Range of power supply voltage 




14 37. 
Vlcd-GND (V) 



Figure 8 Power Supply Voltage Vlcd-GND and AV 
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Application Example 
Application Diagram 

Figure 9 shows an example of an LCD panel 



of 640 x 400 dots driven by HD66106Fs. 









seg640 






seg639 




LCD panel 






f A f\ A f\f\ J n i. 

640 x 400 dots 






1/400 duty ratio 








se«2 






segl 






§| 


E E 




% E 


o o 




o o 



3 D.-D, 
' M 
S CL2 
I HD66106FU3) CLl 

> V < 

V, 

7v, 



HD66106F(7) 



Do-D, 
M 
CL2 
CLl 



00 |W>>oV ( — ' 



CL2 

HD66106F(6) CLl 
V 4 
V, 

V V5U |W>>oV| 



5 



Y,-Y„ 
SHL 
CHI 

- HD66106F 

GND C *» 

Vcc Q 



Y,-Y,o 
HD66106F(2) 



Controller 



Contrast 



n ri ri ri 

R. R» R s R, R, 



f37V +5V 

Notes: 1 . R, and R 3 depend on the LCD panel in use. When using an LCD panel with 1/20 bias, R, /(4R, + 
R 2 ) should be 1/20. For example, R 1 = 3kQ and R 2 = 48kQ. 
2. Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two 
capacitors with some 0.1 mF per LSI, putting one between V LCD and GND, and the other be- 
tween V cc and GND. 



Figure 9 Application Example 
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TOT 



CAR(LSI 6)_] Latches LSI 6 data 
CAR(LSI 7)_j 



Latches LSI 7 data 



CAR(LSI 8)_| 



Latches LSI 8 data |_ 



CAR(LSI 9) I 



Latches LSI 9 data |_ 



CAR(LSI 10) _J 



Latches LSI 10 data [_ 



CAR(LSI11)_T 



Latches LSI 11 data |_ 



CAR(LSI 12) J 



Latches LSI 12 data 



CAR(LSI 13) J 



Latches LSI 13 data 



HD66106F 




Figure 11 Timing Waveform for Row Drivers (LSI 1-LSI 5) 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Supply L °9 |c c'rcu'ts 


v C c 


-0.3 to +7.0 


V 


1 


Voltage LCD drive circuits 


Vlcd 


-0.3 to +38 


V 


1 


Input voltage (Logic) 


v-ri 


-0.3 to V cc + 0.3 


V 


1,2 


Input voltage (LCD drive) 


v T2 


-0.3 to Vlcd + 0.3 


V 


1,3 


Operation temperature 


^opr 


-20 to +75 


°c 




Storage temperature 


T stg 


-55 to +125 


°c 





Notes: 1 . Reference point is GND (- V). 

2. Applies to the input pins for logic circuits. 

3. Applies to the input pins for LCD drive circuits. 

4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSIs should usually be used 
under electrical characteristics for normal operations. Exceeding any of these limits may adversely affect reli- 
ability. 
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Electrical Characteristics 



DC Characteristics (V cc = 5 V ± 10 %, V LGD = 14 V to 37 V, Ta = -20°C to 75°C unless otherwise noted) 



Item Symbol 


Pin Min Typ 


Max 


Unit 


Test Condition 


Notes 


Input high voltage V |H 


CL1 , CL2, M, SHL, 0.8 x Vcc - 


Vcc 


V 






Input low voltage V |L 


D -D 3 ,¥,CH1 


0.2 x V CC V 






Output high voltage Vqh 


CAR V cc - 0.4- 




V 


Iqh = -0.4 mA 




Output low voltage Vol 




0.4 


V 


Iql = 0.4 mA 




Vi-Yj on resistance ^ON 


Yi-YgcV!-^ - 


3.0 


kft 


l 0N = 100 //A 


4 


Input leakage current (1) l|m 


CL1, CL2, M, SHL, —5.0 - 
Do— D3,"E, cm 


5.0 


MA 


V| N = V CC to G ND 




Input leakage current (2) 1 1 1_2 


V-,-V 4 -50.0 


50.0 


ma 


V IN = V LCD toGND 




Current consumption (1) l^ci 




3.0 


mA 


f CL2 = 6 MHz ' 




(2) l LCD 1 




0.5 


mA 


f CL l = 28 kHz 


1 


(3) l ST 




0.2 


mA 


At the standby state 
f CL 2 = 6 MHz, 
f CL1 = 28 kHz 


2 


(4) l CC 2 




0.2 


mA 


f CL1 = 28 kHz, 


1 






0.1 


mA 


f m = 35 Hz 


3 



Notes: 1 . Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive current 

flows from the power supply through the input circuit. V )H and V (L must be fixed at Vcc and GND respectively 
to avoid it. 

2. Applies when the LSI is used as a column driver. 

3. Applies when the LSI is used as a row driver. 

4. Indicates the resistance between Y pin and V pin (one of V-j, V2, V3, and V4) when it supplies load current to 
one of Y-j— Yso P ,ns - 

Conditions: V LC d ~ GND = 37 V 

V1 . V 3 = V LCD - 2/20 (V LCD - GND) 
V 2 , V 4 = GND + 2/20 (V LCD - GND) 



v, 
v, 
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AC Characteristics (V C c = 5 V ± 10 %, V L cd 88 14 V to 37 V, Ta = -20°C to +75°C unless otherwise noted) 
Column Driver 



Item 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Notes 


Clock cycle time 


t C y C 


CL2 


166 


— 


— 


ns 




Clock high level width 


tCWH 


CL2 


50 


— 


— 


ns 




Clock low level width 


tCWL 


CL2 


50 


- 


— 


ns 




Clock setup time 


tSCL 


CL2 


200 






ns 




Clock hold time 


*HCL 


CL2 


200 






ns 




Clock rise/fall time 




CL1,CL2 




- 


30 


ns 




Data setup time 


t DSU 


D -D 3 


30 






ns 




Data hold time 


X DH 


D0-D3 


30 






ns 




E setup time 




1" 


50 






ns 




Output delay time 


^DCAR 


CAR 






80 


ns 


1 


M phase difference 


tcM 


M,CL1 






300 


ns 




Row Driver 
















Item 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Notes 


Clock low level width 


tWL1 


CL2 


5 






MS 




Clock high level width 


*WH1 


CL2 


125 






ns 




Data setup time 


tDS 


E 


100 






ns 




Data hold time 


*DH 


I 


30 






ns 




Data output delay time 


tDD 


car" 






3 


MS 


1 


Data output hold time 


t DHW 


car" 


30 






ns 


1 


Clock rise/fall time 


tct 


CL2 






30 


ns 




Note: 1 . Values when the following load circuit is connected: 



Test point O- 




30 pF 
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Column Driver 



CLl 



CL2 



D0-D3 



CLl 



A 
J~ 



J' 



x 



Horizontal retrace period 



to. 



1s> 



\ 



J -\-1<l 



CAR 



J\J J \JAJ\J\f ! pl^PV 

^DCAR toCAR "* 

__ - Vol V 



^ilV 



\ V,h 



Figure 12 Controller Interface of Column Driver 
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Row Driver 




Figure 13 Controller Interface of Row Driver 
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(LCD Driver for High Voltage) 



Description 

The HD66107T is a multi-output, high duty 
ratio LCD driver used for large capacity dot 
matrix LCD panels. It consists of 160 LCD 
drive circuits with a display duty ratio up to 
1/480: the seven HD66107Ts can drive a 640 x 
480 dots LCD panel. Moreover, the LCD driver 
enables interfaces with various LCD control- 
lers due to a built-in automatic generator of 
chip enable signals. Use of the HD66107T can 
help reduce the cost of an LCD-panel config- 
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 



Features 

• Column and row driver 

• 160 LCD drive circuits 

• Multiplexing duty ratios: 1/100 to 1/480 

• 4-bit and 8-bit parallel data transfer 

• Internal automatic chip enable signal 
generator 

• Internal standby mode 

• Recommended LCD controller LSIs: 

HD63645F, HD64645F, and HD64646FS 
(LCTC), HD66840/HD66841 (LVIC), 
HD66850 (CLINE) 

• Power supply voltage 
—internal logic: +5V + 10% 
—LCD drive circuit : 14.0 to 37.0 V 

• Operation frequency: 8.0 MHz (max.) 

• CMOS Process 

• 192-pin TCP 



Ordering Information 





Number of 


Outer load 






Typo No. 


outputs 


pitch ivm) 


Material of ta 


po* 2 Note 


HD66107T11 


160 


180 


Kapton 




HD66107T24 


160 


180 


Upilex 




HD66107T12 


160 


250 


Kapton 




HD66107T00 


160 


280 


Kapton 




HD66107T01 


80 


280 


Kapton 


1 2 perforated holes 


HD66107T25 


80 


280 


Kapton 


8 perforated holes 



Note: *1 "Kapton" is a trademark of Dupont, Ltd. 

"Upilex" is a trademark of Ube Industries, Ltd. 
*2The details of TCP pattern are shown in "The Information of TCP". 
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Pin Description 
Power Supply 

Vcci GND: Vcc supplies power to the internal 
logic circuits. GND is the logic and drive 
ground. 

Vlcdi: Vlcd supplies power to the LCD drive 
circuit. 

Vil, Vir, V2L, V2R1 V 3L , V 3Rf V 4L , V4r: Vi to V 4 

supply power for driving an LCD (figure 1). 



Control Signal 

CLl: The LSI latches data at the negative 
edge of CLl when the LSI is used as a column 
driver. Fix to GND when the LSI is used as a 
row driver. 

CL2: The LSI latches display data at the 
negative edge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 
the negative edge when it is used as a row 
driver. 



Table 1 Pin Function 



Symbol 


Pin No. 


Pin name 


Input/output 


Vcc 


167 


Vcc 




GND 


161, 186, 187 


Ground 




Vlcd 


166, 192 


Vlcd 




V1L, R 


191, 165 


V1L, V1R 




V2L, R 


188, 162 


V2L, V2R 




V3L, R 


190, 164 


V3L, V3R 




V4L, R 


189, 163 


V4L, V4R 




CL1 


183 


Clock 1 


Input 


CL2 


184 


Clock 2 


Input 


M 


182 


M 


Input 


D0-D7 


174-181 


DATA0-DATA7 


Input 


SHL 


172 


Shift left 


Input 


CH2 


171 


Channel 2 


Input 


BS 


173 


Bus Select 


Input 


TEST 


185 


TEST 


Input 


Y1-Y160 


1-160 


Y1-Y160 


Output 


E 


169 


Enable 


Input 


CAR 


168 


Carry 


Output 



CHI 170 Channel 1 Input 



. — . V1 

. 1 I . . V3 

1 I . 1 V4 

1 V2 

V1, V2: selected level 
V3, V4: nonselected level 

Figure 1 Power Supply for Driving an LCD 
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M: M changes LCD drive outputs to AC. 

D -D 7 : D0-D7 input display data for the col- 
umn driver (table 2). 

SHL: SHL controls the shift direction of dis- 
play data and line select data (figure 2, table 
3). 

E: E inputs the enable signal when the LSI is 
used as a column driver (CHI = Vcc). 

The LSI is disabled when E is high and ena- 
bled when low. E inputs scan data when the 
LSI is used as a row driver (CHI = GND). 
When HD66107T S are connected in cascade, 
E connects with CAR of the preceding LSI. 



CAR: CAR outputs the enable signal when 
the LSI is used as a column driver (CHI = V 
cc). 



CAR outputs scan data when the LSI is used 
as a row driver (CHI = GND). When 
HD66107Ts are_connected in cascade, CAR 
connects with E of the next LSI. 

CHI: CHI selects the driver function. The chip 
devices are columns when CHI = Vcc, and 
rows when CHI = GND. 

CH2: CH2 selects the number of output data 
bits. The number of output data bits is 160 
when CH2 = GND, and 80 when CH2 = Vcc- 

BS: BS selects the number of input data bits. 
When BS = Vcc, the chip latches 8-bits data. 
When BS = GND, the chip latches 4-bits data 
via D to D 3 . Fix D 4 through D 7 to GND. 

TEST: Used for testing. Fixed to GND, other 
wise. 



Table 2 Relation between Display data 
and LCD state 

Display Data LCD Output LCD 

1 ( = high level) V1L, R/V2L, R On 

(=low level) Nonselected level Off 



Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used 
as Row Driver) 

SHL Shift Direction of Shift Register Scan Direction of Selected Line 

Vcc E~* 1-> 2-> 3- 4 > 160 Y1- Y2- Y3- Y4 «Y160 

GND E- 160- 159- 158- 157 >1 Y160- Y159- Y158- Y157 >Y1 
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Figure 2 Relation between SHL and Data Output 
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LCD Drive Interface 

Y1-Y160: Each Y outputs one of the four volt- 
age levels-Vi, V2, V3, Waccording to the 
combination of M and display data (figure 3). 



M — I ' I 2 

D— J 1 I I 1 I 
Y output level h V1 H - V 3 * I * V 2 ^ * V4 "I 

When used as a column driver 



M 1 



Y output 1 
level ' 



When used as a row driver 



Figure 3 Selection of LCD Driver Output Level 
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Function 

LCD Drive Circuits 

The LCD drive circuits generate four levels of 
voltages- Vi, V2, V3, and V-i-for driving an LCD. 
They select and transfer one of the four levels 
to the output circuit according to the combi- 
nation of M and the data in the latch circuit 2. 

Latch Circuit 2 

Latch circuit 2 is used as a 160-bit latch cir- 
cuit during column driving. Latch circuit 2 
latches data input from latch circuit 1 at the 
falling edge of CL1 and outputs latched data 
to the drive circuits. 

In the case of row driving, latch circuit 2 is 
used as a 160-bit bidirectional shift register. 
Data input from E is shifted at the falling 
edge of CL2. When SHL = V C c, data is shifted 
in input order from bit 1 to bit 160 of the shift 
register. When SHL = GND, data is shifted 
from bit 160 to bit 1 of the reister. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case, Y41 through Y120 are 
enabled, while the other bits remain un- 
changed. 

Latch Circuit 1 

Latch circuit 1 consists of twenty 8-bit paral- 
lel data latch circuits. It latches data Do 
through D7 at the falling edge of CL2 during 



column driving. The selector signals specify 
which 8-bit circuit latches data. Moreover, 
this circuit can be used as forty 4-bit parallel 
data latch circuits by switching BS, in which 
case the circuit latches data Do through D3. 
Moreover, this latch circuit can be used as an 
80-bit shift register. In this case Y41 through 
Y120 are enabled, while the other bits remain 
unchanged. 

Selector 

The selector consists of a 6-bit up and down 
counter and a decoder. During column driv- 
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the falling 
edge of CL2. 

Controller 

This controller is enabled during column 
driving. It provides a power-down function 
which detects completion of data latch and 
stops LSI operations. 

Moreover, the controller auto matica lly gen- 
erates a chip enable signal (CAR) which 
starts next-stage data latching. 

Test Circuit 

The test circuit divides the external clock and 
generates test signals. 
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Fundamental Operations 
Column Driving (1) 

• CH2 = GND (160-bit data output mode) 

• BS = Vcc (8-bit data latch mode) 

The HD66107T starts data latch when E is at 
low level. In this case, 8-bit parallel data is 
latched at the falling edge of CL2. When 160- 
bit data latch is completed, the HD66107T 
auto matic ally stops and enters st andb y mode 
and CAR is goes to low level. If CAR is con- 



nected with E of the next-sta ge LS I, this next- 
stage LSI is activated when CAR of the pre- 
vious LSI goes low. 

Data is output at the falling edge of CL1. 
When SHL = GND, data di is output to pin Yl 
and dieo to Yieo- On the other hand, when SHL 
= Vcc, data dieo is output to pin Yl and dl to 
Yi6o- The output level is selected from among 
V1-V4 according to the combination of display 
data and alternating signal M. See figure 4. 
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Column Driving (2) 

• CH2 = GND (160-bit data output mode) 

• BS = GND (4-bit data latch mode) 



4-bit display data (D0-D3) is latched at the 
falling edge of CL2. Other operations are 
performed in the same way as described in 
"Column Driving (1)". See figure 5. 
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Column Driving (3) 

• CH2 = Vcc (80-bit data output mode) 

• BS = Vcc (8-bit data latch mode) 

When CH2 is high (Vcc), the HD66107T can be 
used as an 80-bit column driver. In this case, 
Y41 through Y120 are enabled, the states of 



Yi through Y 4 o and Y121 through Yieo remain 
unchanged. 

When SHL = GND, data dl is output to pin 
Y41 and dso is output to Y120. Conversely, when 
SHL = Vcc, data dso is output to Y41 and di is 
output to Y120. See figure 6. 



CQ _n_n_n tltltl. 

1 2 3 9 10 11 

E \ 

jo ZX^lX^Z)(ZZ 



D, 



CL1 
CAR 



Y41 



r\ 



\ r 

SHL = GND 



DC* 



Yl20 )( ^80 

SHL = V cc 

I 

Y "° X d ' 

Figure 6 Column Driver Timing Chart (3) 
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Column Driving (4) 

• CH2 = Vcc (80-bit data output mode) 

• BS = GND (4-bit data latch mode) 



When CH2 = Vcc and BS = GND, 4-bit paral- 
lel data is latched, while 80-bit data is output. 
The output of latched data is performed in 
described in "Column Driving (3)". See figure 
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Row Driving (1) 

• CH2 = GND (160-bit data output mode) 

The HD66107T shifts line scan data input 
through E at the falling edge of CL2. 



When SHL = Vcc, 160-bit data is shifted from 
Yi to Yi6o, whereas when SHL = GND, data is 
shifted from Y160 to Yi. In both cases the 
HD66107T outputs the data delayed fo r 160 
bits by the shift register through CAR, 
becoming line scan data for the next IC 
driver. See figure 8. 



SHL=V CC 



CL2 
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158 159 160 1 
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SHL=GND 
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'_r 
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Yi 5 



Yi 



CAR 



L 



Figure 8 Row Driver Timing Chart (1) 
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Row Driving (2) 

• CH2 = Vcc (80-bit data output mode) 

When CH2 is high, the HD66107T can be used 
as an 80-bit row driver. In this case, Y 4 i to 
Y120 are enabled, while the other bits remain 
unchanged. 



Line scan data input through E is shifted at 
the falling edge of CL2. When SHL = V C c, 
data is shifted from Y41 to Y120. Conversely, 
when SHL = GND, data is shifted from Y120 to 
Y 4 i. In both cases the HD66107T outputs the 
data del ayed for 80 bits by the shift register 
through CAR, becoming line scan data for the 
next LSI. See figure 9. 
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Figure 9 Row Driver Timing Chart (2) 
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Notes 1 . R1 and R2 are specified depending on the type of LCD panel. When using an LCD panel with 1/20 bias, R1/(4R1 + R2) 

must be 1/20, i.e., R1 = 3kQ and R2 = 48kQ. 
Notes 2. When designing a board, place capacitors close to each LSI in order to stabilize power supply. It is recommended to use 

two 0.1 uF capacitors per LSI; one is connected between V cc and GND, and the other between V LCD and GND. 
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Waveform Examples 
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Figure 11 Column Driver Timing Chart 
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Row Driving 
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Figure 12 Row Driver Timing Chart 
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Absolute Maximum Rating 



Item 




Symbol 


Rating 


Unit 


Note 


Power supply voltage 


Logic circuit 


Vcc 


-0.3-+7.0 


V 


1 




LCD drive circuit 


Vlcd 


-0.3- +38 


V 


1 


Input voltage (1) 




Vn 


-0.3-V CC +0.3 


V 


1. 2 


Input voltage (2) 




VT2 


-0.3-V LC D+0.3 


V 


1, 3 


Operation temperature 




Topr 


-20- +75 


°c 




Storage temperature 




Tstg 


-40- +125 


c 





Notes: 1 . Reference point is GND (= 0V). 

2. Applies to input pins for logic circuit. 

3. Applies to input pins for LCD drive circuits. 

4. If the LSI is used beyond absolute maximum ratings, it may be permanently damaged. It 
should always be used within the above electrical characteristics to prevent malfunction or 
degradation of the LSI's reliability. 
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Electrical Characteristics 

DC Characteristics (Vcc = 5 V ± 10%, Vlcd = 14 to 37 V, Ta = -20 to 75 C) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V IH 


CL1, CL2, M 
SHL, BS, CH2, 


0.8 x V C c 


Vcc 


V 






Input low voltage 


V, L 


TEST, D -D 7 , 
E, CH1 





0.2 x V CC V 






Output high voltage 


V 0H 


CAR 


Vcc-0.4 


— 


V 


Ioh= -0.4 mA 




Output low voltage 


Vol 






0.4 


V 


Iol=0.4 mA 




Vi-Yj on resistance 


Ron 


Y1-Y160, 
V1-V4 




3.0 


kn 


•on =150 //A 


4 


Input leak current (1 ) 


l|L1 


CL1 , CL2, M 
SHL, BS, CH2, 
TEST, D0-D7, 
E, CH1 


-5.0 


5.0 


M 


Vin= Vcc -GND 




Input leak current (2) 


l|L2 


V1-V4 


-100 


100 


ma 


Vin=V LC d-GND 




Power dissipation (1 ) 


lcci 






5.0 


mA 


f CL 2=8 MHz 


1 


Power dissipation (2) 


l|_CD1 






2.0 


mA 


feu =28 kHz 


2 


Power dissipation (3) 


1st 






0.5 


mA 


In standby 
mode: 

fcL2 = 8 MHz, 
feu =28 kHz 


1 
2 


Power dissipation (4) 


ICC2 






1.0 


mA 


ffcu=28 kHz 


1 


Power dissipation (5) 


ILCD2 






0.5 


mA 


fm = 35 Hz 


3 



Notes: 1 . Input and output current is excluded. When an input is at the intermediate level is CMOS, 
excessive current flows from the power supply though the input circuit. To avoid it, Vm and 
Vil must be fixed to Vcc and GND respectively. 

2. Applies to column driving. 

3. Applies to row driving. 

4. Indicates the resistance between one pin from Y 1 -Y1 60 and another pin from V1 -V4 when 
load current is applied to the Y Pin; defined under the following conditions. 

Vlcd-GND = 370 

V1,V3=Vlcd- {2/20(Vlcd-GND)} 

V2, V4=V L cd+ {2/20(Vlcd-GND)} 
This section explains the range of power supply voltage for driving LCD. V 1 and V3 voltage 
should be near Vlcd, and V2 and V4 should be near GND (figure 13). 
Each voltage must be within AV. AV determines the range within which Ron, impedance of 
driver's output, is stable. Note that A V depends on power supply voltage Vlcd-GND (figure 
14). 




Figure 13 Driver's Output Waveform Figure 14 Power Supply Voltage 

and Each Level of Voltage Vlcd-GND and AV 
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AC Characteristics (Vcc 


= 5 V ± 10%, Vlcd = 14 to 37 V, 


Ta = - 


20 to 75°C) 


Column Driving 












Item 


Symbol 


Pin name 


Min. 


Max. 


Unit Note 


Clock cycle time 


tcyc 


CL2 


125 




ns 


uock nign-ievei wiatn \ i ; 


tcWH1 


CL2 


30 




ns 


Clock high-level width (2) 


tcWH2 


CL1 


60 




ns 


Clock low-level width 


tcWL 


CL2 


30 




ns 


Clock setup time 


tSd 


CL2 


200 




ns 


Clock hold time 


tHCL 


CL2 


200 




ns 


Clock rising/falling time 


tct 


CL1 , CL2 




30 


ns 


Data setup time 


tDSU 


D -D 7 


30 




ns 


fto+o timo 

ua\a noiu iime 


tDH 


D0-D7 


30 




ns 


E setup time 


tESU 


E 


25 




ns 


Output delay time (1) 


tDCARI 


CAR 




70 


ns 1 


Output delay time (2) 


tDCAR2 


CAR 




200 


ns 1 


M phase difference 


tCM 


M, CL1 




300 


ns 



Notes: 1 . Specified when connecting the load circuit shown in figure 1 5. 



Test point O j 

-30 pF 



Figure 15 Test Circuit 
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Figure 16 Controller Interface of Column Driver 
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Row Driving 



Item 


Symbol 


1*111 ilcimff 


■Villi. 


IVIaX. 


unix 


RlOTO 


Clock low-level width 


tWL1 


CL2 


5 




fitS 




Clock high-level width 


tWH1 


CL2 


60 




ns 




Data setup time 


tDS2 


E 


100 




ns 




Data hold time 


tDH2 


E 


30 




ns 




Data output delay time 


tDD 


CAR 




3 


MS 


1 


Data output hold time 


tDHW 


CAR 


30 




ns 


1 


Clock rising/falling time 


tct 


CL2 




30 


ns 





CL2 



"\v H J \ *WL1 - J 

^rVlL J \ -/ t WH l ■» \ 



tct 



-t D S2- 



-t DH 2- 



Input data 



x 
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Figure 17 Controller Interface of Row Driver 
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Description 



Features 



The HD66110RT, the column driver for a large 
liquid crystal display (LCD) panel, features as 
many as 160 LCD outputs powered by 160 
internal LCD drive circuits, and a high duty cycle. 
This device can interface to various LCD 
controllers by using an internal automatic chip 
enable signal generator. Its strip shape enables a 
slim tape carrier package (TCP). 



191-pin TCP 

CMOS fabrication process 
High voltage 

— LCD drive: 28 to 40 V 
High speed 

— Maximum clock speed : 

12 MHz (V cc = 4.5to5.5V) 
10 MHz (V cc = 2.7to5.5 V) 

4- and 8-bit data bus interface 

Display off function 

Standby function 

Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 



Ordering Information 



Type No. 


Outer lead pitch(^m) 


User Area (mm) 


HD66110RTA8 


140 


10.85 


HD66110RTB0 


92 


11.9 


HD66110RTB1 


92 


9.0 


HD66110TA4 


80 


9.66 



Note : The details of TCP pattern are shown in " The Information of TCP. " 
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Pin Description 



Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


Vcc 


175 


Vcc 


— 


Power supply 


GND 


186 


GND 


— 


Power supply 


V LCD1 


187 


V LCD1 


Input 


Power supply 


V LCD2 


164 


V LCD2 


— 


Power supply 


V1R 


166 


V1R 


Input 


Power supply 


V2R 


162 


V2R 


Input 


Power supply 


V3R 


165 


V3R 


Input 


Power supply 


V4R 


163 


V4R 


Input 


Power supply 


V1L 


188 


V1L 


Input 


Power supply 


V2L 


191 


V2L 


Input 


Power supply 


V3L 


189 


V3L 


Input 


Power supply 


V4L 


190 


V4L 


Input 


Power supply 


CL1 


179 


Clock 1 


Input 


Control signal 


CL2 


178 


Clock 2 


Input 


Control signal 


M 


180 


M 


Input 


Control signal 


D -D 7 


167-174 


Data 0-data 7 


Input 


Control signal 


SHL 


183 


Shift left 


Input 


Control signal 


El/01, El/02 


177,176 


Enable IO 1 , enable IO 2 


Input/output 


Control signal 


DISP 


181 


Display off 


Input 


Control signal 


BS 


184 


Bus select 


Input 


Control signal 


TEST1 , TEST2 


182, 185 


Test 1, test 2 


Input 


Control signal 


Y 1~ Y 160 


1-160 


Y 1 _Y 160 


Output 


LCD drive output 
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Pin Functions 
Power Supply 

Vco V LC D1» V L cd2» GND: V cc - GND supplies 
power to the internal logic circuits. V LC d - GND 
supplies power to the LCD drive circuits. See 
figure 1. 

V1R, V1L, V2R, V2L, V3R, V3L, V4R, V4L: 
Supply different levels of power to drive the LCD. 
VI and V2 are selected levels, and V3 and V4 are 
non-selected levels. 

Control Signals 

CL1: Inputs display data latch pulses for latch 
circuit 2. Latch circuit 2 latches display data input 
from latch circuit 1, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for latch 
circuit 1. Latch circuit 1 latches display data input 
via Do~D 7 at the falling edge of each CL2 pulse. 

M: Changes LCD drive outputs to AC. 

Do~D 7 : Input display data. High-voltage level 
(Vcc level) of data corresponds to a selected level 
and turns an LCD pixel on, and low-voltage level 
(GND level) data corresponds to a non-selected 
level and turns an LCD pixel off. 



SHL: Shifts the destinations of display data 
output, an d deter mines which chip enable pin 
(EI/01 or EI/02) is an input and which is an 
output See figure 2. 



EI/Ol, EI/02: If SHL is GN D level, EI/01 inputs 
the chip enable signal, and EI/02 outputs the 
signal. If SHL is Vcc level, E I/Ol outputs the 
chip enable signal, and EI/02 inputs the signal. 
The chip enable input pin of the first HD66110RT 
must be grounded, and those of the other 
HD66110RTs must be connected to the chip 
enable output pin of the previous HD66110RT. 
The chip enable output pin of the last HD66110RT 
must be open. 



DISP: A low DISP sets LCD drive outputs 
Yi-Y 160 to V2 level. 

BS: Selects either the 4-bit or 8-bit display data 
bus interface. If BS is Vcc leve *» m ^ 8"bu: bus is 
selected, and if BS is GND level, the 4-bit bus is 
selected. In 4-bit bus mode, data is latched via 
D -D 3 ; D4-D7 must be grounded. 

TEST1, TEST2: Used to test the LSI, and must 
be connected to V C c level. 

LCD Drive Output 

Y i~ Y i60 : Each Y outputs one of the four voltage 
levels VI, V2, V3, or V4, depending on a 
combination of the M signal and display data 
levels. See figure 3. 



VLCD 




Figure 1 Power Supply for Logic and LCD Drive Circuits 
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El/01 : chip enable output 
El/02: chip enable input 
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El/01 : chip enable input 
El/02: chip enable output 
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El/01 : chip enable output 
El/02: chip enable input 
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Figure 2 Selection of Destinations of Display Data Output 
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Figure 3 Selection of LCD Drive Output Level 



812 



HITACHI 



HD66110RT 



Block Functions 
LCD Drive Circuit 

The 160-bit LCD drive circuit generates four 
voltage levels VI, V2, V3, and V4, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the latch circuit 2. 

Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 

Latch Circuit 2 

160-bit latch circuit 2 latches data input from latch 
circuit 1, and outputs the latched data to the level 
shifter, both at the falling edge of each clock 1 
(CL1) pulse. 



Latch Circuit 1 

160-bit latch circuit 1 latches 4-bit or 8-bit parallel 
data input via the D to D 7 pins at the timing 
generated by the shift register. 

Shift Register 

The 40-bit shift register generates and outputs data 
latch signals for latch circuit 1 at the falling edge 
of each clock 2 (CL2) pulse. 

Data Shifter 

The data shifter shifts the destinations of display 
data output, when necessary. 

Test Circuit 

The test circuit divides t he exter nal clock pu lses 
and generates test signals (TEST1 and TEST2). 



Block Diagram 



Y1-Y160 



V1R-V4L 
M . 



VLCD1, 

VLCD2 > 

Vcc > 

GND >> 

CL1 



BS- 



D0-D7 = 
SHL 



3=^ 



Data shifter 




]< DISP 



3=J 



Shift register 



CL2- 



E17CS 



1 1 Test circurt" 



TE5T1 , 
TEST? 
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Comparison of the HD66110RT with the HD66107T 




Item 


HD66110RT 


HD66107T 


Common LCD drive circuits 


Not provided 




Column LCD drive circuits 


160 


160 or 80 


LCD drive voltage range 


28 to 40V 


14to37V 


Speed Vcc - 4.5 to 5.5 V 


12 MHz 


8 MHz 


V cc - 2.7 to 4.5 V 


10 MHz 


— 


Clock hold time (t H ci_) definition 


From the falling edge of CL1 to 
the rising edge of CL2 (figure 1 ) 


From the falling edge of CL1 to 
the falling edge of CL2 (figure 1) 


Test pin level at normal operation 


Vcc 


GND 


Display off function 


Provided 


Not provided 


TCP shape 


Can be thin 


Cannot be thin 



CL1 — -TJhj CL1 Ha 

-r\ L-T\y~v_ cl2 -/~\ Z7\r^ 



CL2 



HD66110RT HD66107T 



Figure 4 t H cL Definitions of the HD66110RT and HD66107T 
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Operation Timing 

4-Bit Bus Mode (BS = GND) 

Figure 5 shows 4-bit data la tch timing when SHL 
= GND, that is , the EI/Ol pin is a chip enable 
input and EI/02 pin is a chip enable output When 
SH L = V C c» the EI/Ol pin is a chip enable output 
and EI/02 pin is a chip enable input 

When a low chip enable signal is input via the 
EI/Ol pin, the HD66110RT is first released from 
data standby state, and, at the falling edge of the 
following CL2 pulse, it is released entirely from 
standby state and starts latching data. 



It simultaneously latches 4 bits of data at the 
falling edge of each CL2 pulse. When it has 
latched 156 bits of data, it sets the EI/02 signal 
low. When it has latched 160 bits of data, it 
automatically stops and enters standby state, 
initiat ing the next HD661 10RT, as long as its 
EI/02 pin is connected to the EI/Ol pin of the next 
HD66110RT. 

The HD661 lORTs output one line of data from the 
Y i~ Y i60 P ms at tne falling edge of each CL1 
pulse. Data dj is output from Y h and d^ from 
Y 160 when SHL = GND, and dj is output from 
Y 160 , and d 160 from Y\ when SHL = Vco 
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CL2 



DO 



_n JUU1_ ---- JULTLTL — JXTUUIJI 



D3 
CL1 [~ 



El/02 
(No. 1)- 

EI/02 
(No. 2f 

B/02 
(No.3)~ 

Ii/02 
(No. 4)" 



Y1-V160 



1 line 



1 2 3 



39 



Note: SHL-GND 



HD66110RT no. 1 
latches data 



40 



41 42 



159 



iocz--zx:xxi 



HD66110RT no. 2 
latches data 



HD66110RT no. 3 
latches data 



160 



161 



r 



HD66110RT no. 4 
latches data 



Figure 5 4-Bit Data Latch Timing (SHL = GND) 
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8-Bit Bus Mode (BS = V cc ) 

Figure 6 shows 8-bit data la tch timing when SHL 
= GND, that is , the EI/Ol pin is a chip enable 
input and EI/02 pin is a chip enable output 



When SHL = Vcc, the EI/Ol pin is a chip enable 
output and EI/02 pin is a chip enable input 

The operation is the same as that in 4-bit bus mode 
except that 8 bits of data are latched 
simultaneously. 



CL2 

DO 

D7 
CL1 

EV02 
(No. 1) 

El/02 
(No. 2) 

El/02 
(No. 3) 

EV02 
(No. 4) 

Y1-Y160 



Jl T JT_n_n_ — JXTLTLTL JTJITUVI 

1 2 3 19 20 21 22 79 i 80 1 81 

l » 
\ i 
i t 



1 line 



19 



DC 



Note: SHL. GND 



HD66110RT no. 1 
latches data 



36 



IOC 




rt 



HD66110RTno.2 
latches data 



HD66110RT no. 3 j 
latches data ; • 



HD66110RTno.4 
latches data 



Figure 6 8-Bit Data Latch Timing (SHL = GND) 
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Application Example 




Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/20 bias, R1 and R2 must be 3 kft and 48 kQ, respectively. That 
is, R1/(4 • R1 + R2) should be 1/20. 

2. To stabilize the power supply, place two 0.1 -u.F capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the V LCD and GND pins. 

3. The load must be less than 30 pF between the El/02 and El/01 connections of 
HD66110RTs. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1.5 


Power supply voltage for LCD drive circuits 


Vlcd 


-0.3 to +42 


V 


1,2,5 


Input voltage 1 


Vti 


-0.3 to V cc + 0.3 


V 


1,3 


Input voltage 2 


V T2 


-0.3 to V LCD + 0.3 


V 


1,4 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tsta 


-40 to +125 


°c 





Notes: 1. The reference point is GND (0 V). 

2. Indicates the voltage between GND and V LCD . 

3. Applies to input pins for logic circuits, that is, control signal pins. 

4. Applies to input pins for LCD drive level voltages, that is, V1-V4 pins. 



5. Power should be applied to Vcc-GND first, and then Vlcd"GND. It should be disconnected in 
the reverse order. 

6. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 



Electrical Characteristics 

DC Characteristics! (V cc = 2.7 to 4.5V, V LCD - GND = 28 to 40 V, and T a = -20 to +75°C, unless 
otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


V| H 


1 


0.8 x V cc 


Vcc 


V 






Input low voltage 


V,L 


1 





0.2 x V cc 


V 






Output high voltage 


VOH 


2 


V CC -0.4 




V 


l OH ■ -0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


Iql * 0.4 mA 




Vi-Yj on resistance 


R ON 


3 




3.0 


kft 


l ON = 150 uA 


1 


Input leakage current 1 


»IL1 


1 


-5.0 


5.0 


uA 


V,N-V cc toGND 




Input leakage current 2 


•lL2 


4 


-100 


100 


uA 


ViN- V LCD to GND 




Current consumption 1 


be 






2.2 


mA 


f CL2 = 10MHz 
f CL i = 28 kHz 

Voo«anv 


2 


















Current consumption 2 


'inn 






3.0 


mA 


Same as above 


2 


Current consumption 3 


1st 






0.3 


mA 


Same as above 


2.3 



Pins and notes on next page. 
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DC Characteristic (V cc = 5 V ± 10%, V LCD - GND = 28 to 40 V, and T a = -20 to +75°C, unless 
otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Notes 


Input high voltage 


VlU 
In 


1 


0.8 xV cr 


V C r 


V 






Input low voltage 


V,L 


1 





0.2 x V cc 


V 






Output high voltage 


V H 


2 


V CC -0.4 




V 


| OH . -0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


Iol ■ 0.4 mA 




Vi-Yj on resistance 


"ON 


3 




3.0 


kft 


Iqn" 150 hA 


1 


Input leakage current 1 


l)L1 


1 


-5.0 


5.0 


HA 


V|N-VcctoGND 




Input leakage current 2 


l|L2 


4 


-100 


100 


uTV 


V|N-V LCD toGND 




Current consumption 1 


•cc 






5.0 


mA 


f C L2 = 12MHz 
f CL i - 28 kHz 


2 


Current consumption 2 


•lcd 






3.0 


mA 


Same as above 


2 


Current consumption 3 


1st 






0.7 


mA 


Same as above 


2,3 



Pins: 1. CL1, CL2, M t SHL, B S, El/01, II/02, 
DlSP, TESTT, TEST2, D -D 7 

2. 

3. Wteo. V1-V4 

4. V1-V4 

Notes: 1. Indicates the resistance between one 
pin from Y r Y 160 and another pin from 
V1-V4 when load current is applied to 
the Y pin; defined under the following 
conditions. 

V LC d-GND»40 V 

V1, V3 = V lcd -{1/20(V L cd-GND)} 

V2, V4 - V LCD + {1/20(V LCD - GND)} 



V1 and V3 should be near V LCD level, 
and V2 and V4 should be near GND 
level (figure 7). All voltage must be 
within AV. AV is the range within 
which RON, the LCD drive circuits' 
output impedance, is stable. Note that 
AV depends on power supply voltage 
V LCD -C3ND (figure 8). 

2. Input and output current is excluded. 
When a CMOS input is floating, 
excess current flows from the power 
supply through the input circuit. To 
avoid this, V )H and V !L must be held to 
V cc and GND levels, respectively. 

3. Applies to standby mode. 
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Figure 7 Relation between Driver Output Waveform and Level Voltages 
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AV(V) 

4.0 








Level voltage range 




28 40 




VLCO-GND(V) 



Figure 8 Relation between V LCD - GND and AY 
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AC Characteristics! (V C c = 2.7 to 4.5V, V LCD - GND = 28 to 40 V, and T, = -20 to +75°C, unless 
otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Notes 


Clock cycle time 


tcYC 


CL2 


100 




ns 




Clock high-level width 1 


tcWH2 


CL2 


37 




ns 




Clock low-level width 


tcWL2 


CL2 


37 




ns 




Clock high-level width 2 


*CWH1 


CL1 


50 




ns 




Clock setup time 


tsCL 


CL1, CL2 


100 




ns 




Clock hold time 


tHCL 


CL1.CL2 


100 




ns 




Clock rise time 


tr 


CL1.CL2 




50 


ns 


2 


Clock fall time 


tf 


CL1.CL2 




50 


ns 


2 


Data setup time 


tos 


D -D 7 , CL2 


35 




ns 




Data hold time 


tDH 


D -D 7 , CL2 


35 




ns 




M phase difference time 


tcM 


M, CL1 




300 


ns 




Notes: 1. The load must be less than 30 pF between the El/02 and El/01 connections of HD66110RTs. 


2. t r , t f < (tcyc-tewHa-fcwu?) / 2 and t r , t f < 50ns 










AC Characteristic (V cc 


= 5V±10%,V LCD 


- GND = 28 to 40 V, and T a 


= -20to+75°C, unless 


otherwise noted.) 














Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Notes 


Clock cycle time 


tcYC 


CL2 


83 




ns 




Clock high-level width 1 


tcWH2 


CL2 


20 




ns 




Clock low-level width 


t CW L2 


CL2 


20 




ns 




Clock high-level width 2 


tcWHl 


CL1 


50 




ns 




Clock setup time 


tsCL 


CL1 , CL2 


100 




ns 




Clock hold time 


tHCL 


CL1.CL2 


100 




ns 




Clock rise time 


tr 


CL1.CL2 




50 


ns 


2 


Clock fall time 


tf 


CL1.CL2 




50 


ns 


2 


Data setup time 


tQS 


D -D 7 , CL2 


10 




ns 




Data hold time 


tDH 


D -D 7 , CL2 


10 




ns 




M phase difference time 


tcM 


M.CL1 




300 


ns 





Notes: 1. The load must be less than 30 pF between the El/02 and El/01 connections of HD66110RTs. 



2. t r , t f < (tcy C -tcwH2-tcWL2) ' 2 and t r , t f < 50ns 
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Figure 9 LCD Controller Interface Timing 
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(160- Channel Common Driver Packaged 
in a Slim Tape Carrier Package) - preliminary - 



Description 

The HD66115T is a common driver for large dot 
matrix liquid crystal graphics displays. It features 
160 channels which can be divided into two groups 
of 80 channels by selecting data input/output pins. 
The driver is powered by about 3 V, making it suit- 
able for the design of portable equipment which 
fully utilizes the low power dissipation of liquid 
crystal elements. The HD66115T, packaged in a 
slim tape carrier package (slim-TCP), makes it 
possible to reduce the size of the user area (wiring 
area). 



Features 

• Duty cycle: About 1/100 to 1/480 

• 160 LCD drive circuits 

• High LCD driving voltage: 14 V to 40 V 

• Output division function (2 x 80-channel 
outputs) 

• Display off function 

• Operating voltage: 2.5 V to 5.5 V 

• Slim-TCP 

• Low output impedance: 0.5 k£fc (typ) 



Ordering Information 




Type No. 


Outer Lead Pitch (urn) 


HD66115TA0 


180 


HD66115TA1 


250 



Note: The details of TCP pattern are shown in "The Information of TCP." 
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Pin Arrangement 




Note: This figure does not specify the tape carrier package dimensions. 



Pin Assignments 
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Pin Descriptions 



Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


VlcdL2 


177, 163 


Vlcd 


— 


Power supply 


Vcc 


166 


Vcc 


— 


Power supply 


GND1.2 


176, 170 


GND 


— 


Power supply 




165, 178 


V^.^R 


Input 


Power supply 


V 2 L, V 2 R 


161, 181 


V 2 L, V 2 R 


Input 


Power supply 


V 5 L, V 5 R 


162, 180 


V 5 L, V 5 R 


Input 


Power supply 


V 6 L, V 6 R 


164, 179 


V 6 L, V 6 R 


Input 


Power supply 


CL 


171 


Clock 


Input 


Control signal 


M 


172 


M 


Input 


Control signal 


CH 


175 


CH 


Input 


Control signal 


SHL 


174 


Shift left 


Input 


Control signal 


DI01 


169 


Data 


Input/output 


Control signal 


DI02 


167 


Data 


Input/output 


Control signal 


Dl 


168 


Data 


Input 


Control signal 


Dispoff 


173 


Display off 


input 


Control signal 


X1-X160 


1-160 


X1-X160 


Output 


LCD drive output 
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Pin Functions 
Power Supply 

Vco GND: Supply power to the internal logic 
circuits. 

Vlcd> GND: Supply power to the LCD drive cir- 
cuits (figure 1). 

VxL, V X R, V 2 L, V 2 R, V 5 L, V 5 R, V 6 L, V 6 R: 
Supply different power levels to drive the LCD. Vj 
and V 2 are selected levels, and V5 and Vg are non- 
selected levels. 

Control Signals 

CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts data input via the DIO pins. 

M: Changes the LCD drive outputs to AC. 

CH: Selects the data shift mode. (CH = high: 2 x 
80-output mode, CH = low: 160-output mode) 



SHL: Selects the data shift direction for the shift 
register and the common signal scan direction 
(figure 2). 

DIOl, DI02: Input or output data. DIOl is input 
and DI02 is output when SHL is high. DIOl is 
output and DI02 is input when SHL is low. 

DI: Input data. DI is input to X81-X160 when CH 
and SHL are high, and to X81-X1 when SHL is 
low. 



Dispoff: Controls LCD output level. A low Dispoff 
sets the LC D drive outputs X1-X160 to the V 2 
level. A high Dispoff is normally used. 

LCD Drive Outputs 

X1-X160: Each X outputs one of four voltage 
levels Vj, V 2 , V5, or Vg, depending on the combi- 
nation of the M signal and the data level (figure 3). 
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Figure 1 Power Supply for LCD Driver 



SHL 


Data shift direction 


High 


Shift to right 

DI01 -> SR1 -> SR2 -> SR3 • • • SR160 -> DI02 


Low 


Shift to left 

DIO2-»SR160->SR159-"->SR1 -*DI01 



Note: SR1 to SR160 correspond to the outputs of X1 to X160, respectively. 



Figure 2 Selection of Data Shift Direction and Common Signal Scan Direction by SHL 



M | 1 1 j 

X output level | . V2 . | . V6 , | . V1 , | ,, ^ , | 



Figure 3 Selection of LCD Drive Output Level 
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Block Diagram 
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Block Functions 
LCD Drive Circuit 

The 160-bit LCD drive circuit generates four 
voltage levels V lf V2, V5, and Vg, which drive the 
LCD panel. One of these four levels is output to 
the corresponding X pin, depending on the combi- 
nation of the M signal and the data in the shift 
register. 

Level Shifter 

The level shifter changes logic control signals 
(2.5 V-5.5 V) into high-voltage signals for the 
LCD drive circuit. 



Shift Register 

The 160-bit shift register shifts the data input via 
the DIO pin by one bit at a time. The one bit of 
shifted-out data is output from the DIO pin to the 
next driver IC. Both actions occur simultaneously 
at the falling edge of each shift clock (CL) pulse. 
The SHL pin selects the data shift direction. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1.5 


Power supply voltage for LCD drive circuits 


Vlcd 


-0.3 to +42 


V 


1.5 


Input voltage 1 


Vti 


-0.3 to V cc + 0.3 


V 


1.2 


Input voltage 2 


V T 2 


-0.3 to V LCD + 0.3 


V 


1.3 


Input voltage 3 


V T 3 


-0.3 to +7.0 


V 


1.4 


Operating temperature 


T"opr 


-20 to +75 


°c 




Storage temperature 


Tsta 


-40 to +125 


°c 





Notes: 1 . The reference point is GND (0 V). 



2. Applies to pins CL, M, SHL, Dl, Dispoff, and CH. 

3. Applies to pins and V 6 . 

4. Applies to pins V 2 and V 5 . 

5. Power should be applied to V CC -GND first, and then Vlcd-'GND. It should be disconnected in 
the reverse order. 

6. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. 

It should always be used within its specified operating range in order to prevent malfunctions or 
loss of reliability. 
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Electrical Characteristics 



DC Characteristics (V cc = 2.5 V to 5.5 V, GND = V, and T a = -20°C to +75°C, unless otherwise stated) 



Item 


oyrnooi 


Dine 

rins 


Min 


Typ. 


Max. 


Unit 


i05i nonunion 


IHOlo9 


Input high 
voiiage 


V| H 


1 


0.8 x V cc 




Vcc 


V 






Input low 
voiiage 


V,L 


1 





— 


0.2 x V cc V 






Output high 
voltage 


VOH 


2 


V CC -0.4 


— 




V 


'oh = ~0.4 mA 




Output low 
voltage 


Vol 


2 


— 


— 


0.4 


V 


Iql - 0.4 mA 




Vi-Xj on 

ma Seta 

resistance 


R ON 


3 


— 


0.5 


I .u 




Iqn- 150 nA 


1 


Input leakage 
curreni i 


l|L1 


1 


-5 


— 


5 


HA 


Vin- V C c to GND 




Input leakage 

Ciirront 2 

WWI 1 Vl 1 1 Cm 


'lL2 


4 


-25 


— 


25 


iiA 


V| N = V L c D to GND 




Current 
consumption 1 


'gnd 








T.B.D 


HA 




2 


Current 
consumption 2 


'lcd 








T.B.D 


HA 






Current 
consumption 3 


•gnd 








T.B.D 


tiA 




2 


Current 
consumption 4 


'lgd 








T.B.D 


HA 







Note: Pins: 1. CL, M, SHL, CH, Dl, DI01, DI02, Dispoff 

2. DI01, DI02 

3. X1-X160, V 

4. V^Vg.Vs, V 6 
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Notes: 1 . Indicates the resistance between one of the pins X1-X1 60 and one of the voltage supply pins 
V 1t V 2 , V 5 , or V 6 , when load current is applied to the X pin; defined under the following 
conditions: 

Vlcd-GND » 40 V 
Vi,V 6 «V cc -{1/20 (V LCD -GND)} 
V 5t V 2 « GND + {1/20 (V LCD -GND)} 

All voltages must be within AV, V LC d ^ V<i * V 6 > V LCD - 7.0 V, and 7.0 V £ V 5 £ V 2 £ GND. 
Note that AV depends on the power supply voltage Vl C q-GND (figure 5). 

2. Input and output currents are excluded. When a CMOS input is left floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vm and V||_ must be held at Vqc 
and GND, respectively. 




Figure 4 Relation between Driver Output Waveform and Voltage Levels 




Voltage level range 



V L ccrGND (V) 



Figure 5 Relation between V LC n-GND and AV 
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AC Characteristics (V cc 


= 2.5 V to 5.5 V, GND = V, and T a = 


: -20°C to +75°C, unless otherwise stated) 


Item 


Symbol 


Pins 


Mln 


Max 


Unit 


Notes 


Clock cycle time 


tCYC 


CL 


400 





ns 




Clock high-level width 


tcWH 


CL 


30 





ns 




Clock low-level width 


ICWL 


CL 


370 


— 


ns 




Clock rise time 


tr 


CL 





30 


ns 




Clock fall time 


tf 


CL 




30 


ns 




Data setup time 


*DS 


Dl, DI01.DI02, CL 


100 




ns 




Data hold time 


l DH 


Dl, DI01.DI02, CL 


30 




ns 




Data output delay time 


*DD 


DI01.DI02, CL 




350 


ns 


1 


M phase difference 


tM 


M, CL 


-300 


300 


ns 




Output delay time 1 


tpdl 


X (n), CL 




1.2 


us 


2 


Output delay time 2 


tpd2 


X (n), M 




1.2 


\xs 


2 


AC Characteristics (Vcc 


= 5.0 V ±10% 


,GND = 0V,andT a = 


-20°C to +75°C, unless otherwise stated) 


Item 


Symbol 


Pins 


Min 


Max 


Unit 


Notes 


Clock cycle time 


*CYC 


CL 


400 




ns 




Clock high-level width 


*CWH 


CL 


30 




ns 




Clock low-level width 


*CWL 


CL 


370 




ns 




Clock rise time 


t r 


CL 




30 


ns 




Clock fall time 


tf 


CL 




30 


ns 




Data setup time 


tDS 


Dl, DI01.DI02, CL 


100 




ns 




Data hold time 


tDH 


Dl, DI01.DI02, CL 


30 




ns 




Data output delay time 


tDD 


DI01.DI02, CL 




90 


ns 


1 


M phase difference 


tM 


M, CL 


-300 


300 


ns 




Output delay time 1 


tpdl 


X (n), CL 




0.7 


U.S 


2 


Output delay time 2 


tpd2 


X (n), M 




0.7 


us 


2 



Note: 1 , 2 The load circuit shown in figure 6 is connected. 
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Test point O 


l 


*1:30pF 




J 


*2:100pF 



Figure 6 Load Circuit 



CL 



DI01.DI02/ 
Dl 

(input) 



Did, DI02 
(output) 



X(n) 



< tcWL h 



0.8 x V C c 
0.2 x V cc 



\ 4 tpp H 



^ *cwh ^ 


\ 


l CYC 










r * 


/ \ 














; £ 0.8xV CC J 
\ 0.2 x V cc 7 


X 



k — — H 



X 



X 



Jpdl 



0.8 x V CC Y" 

. j 0-2 x Vcc A_ 



X 



Figure 7 LCD Controller Interface Timing 
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1 frame 



1 frame 



dio (input) n : n n_ 



480 1 2 3 160161 162163 320 321322 323 480 1 2 3 160 161162163 320 321322323 480 1 2 3 

X1 i^aJW 'vilvL ,V2jV6" 



X1 

(COM161) 



X160 
(COM320) 



(COM1) 

{c ™ 2) y5JV6|V2f Mlvil JV6|V2T 



X160 _V5jve [V2| D2 Fl Ne 

(COM160) ^ 
DIO (output) J | I I . 



DIO (output) . I I | L 



-Y5JV6 [V2| " 1 E§ F T l IV6" 



X2 V5f w5 |v2j |V5 [vT[ flg- 

(COM162) ^ 



— |vg| — ivs Fl |VT 



X1 _V5JV6 |V2| IY5 F| |vT 

(COM 321) L — 1 

X2 _V5JV6 " tog-- |V§ F\ W 

(COM 322) ^ 



X160 _V5fvT^ Ivovs (vTvg- 

(COM 480) 
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Connection Examples 

Figures 8 and 9 show examples of how HD66115Ts 
can be configured to drive a 480-line LCD panel 
with a 1/240 duty cycle. Figures 10 and 11 show 
examples of how HD66115Ts can be configured to 
drive a 480-line LCD panel with a 1/480 duty 



cycle. The HD66115Ts 160 channels can be divid- 
ed into two groups of 80 channels, and its data shift 
direction can be changed by selecting the data out- 
put mode pin (CH) and data shift pin (SHL), 
respectively. 



DATA 1 

(Data of lines 1 to 240) 



IC1 

(SHL = high, CH = low) 



DI01 X1 



DI02 X160 



IC2 

(SHL * high, CH - low) 

DATA ► 

(Data of lines 241 to 480) 



DI01 X1 



Dl 



X80 



X81 
DI02 X160 



IC3 

(SHL - high, CH - low) 



DI01 X1 



DI02 X160 



LCD panel 



Line 1 



Line 160 

Line 161 

i 
i 

Line 240 
Linear' 

i 
i 

Line 320 
Line 321 



Line 480 



Segment driver 



T - T 



Figure 8 Dual-Screen Configuration of a 480-Line LCD Panel with a 1/240 Duty Cycle (1) 
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IC1 

(SHL - low, CH « low) 



DI01 X1 



DI02 X160 



IC2 

(SHL = low, CH = high) 

DATA — 
(Data of lines 1 to 240) 



DI01 X1 

X80 
X81 

DI02 X160 



J. 

>i ■ 

J 



IC3 

(SHL . low, CH « low) 



DATA 



(Data of lines 241 to 480) 



DI01 X1 -> 



j 



DI02 X160 



LCD panel 



Line 1 



Line 160 

Line 161 

i 
i 

i 

Line 240 

Line 241 

i 
i 
i 

Line 320 
Line 321 



Line 480 



Segment driver 



- T 



Figure 9 Dual-Screen Configuration of a 480-Line LCD Panel with a 1/240 Duty Cycle (2) 
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DATA ► 

(Data of lines 1 to 480) 



IC1 

(SHL * high, CH « low) 



IC2 

(SHL . high, CH . low) 



IC3 

(SHL » high, CH = low) 



DI01 X1 



DI02 X160 



DI01 X1 



DI02 X160 



DI01 X1 



DI02 X160 



LCD panel 



Line 1 



Line 160 
Line 161 



Line 320 
Line 321 



Line 480 



Segment driver 



T T 



Figure 10 Single-Screen Configuration of a 480-Line LCD Panel with a 1/480 Duty Cycle (1) 
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IC1 

(SHL = low, CH = low) 



IC2 

(SHL => low, CH = low) 



DI01 X1 



DI02 X160 



DI01 X1 



DI02 X160 



IC3 

(SHL - low, CH . low) 



DATA ► DI02 X160 

(Data of lines 1 to 480) 



DI01 X1 



LCD panel 



Line 1 



Line 160 
Line 161 



Line 320 
Line 321 



Line 480 



Segment driver 



T T 



Figure 11 Single-Screen Configuration of a 480-Line LCD Panel with a 1/480 Duty Cycle (2) 



840 



HITACHI 



HD61602/HD61603 

(Segment Type LCD Driver) 



Descripition 

The HD61602 and the HD61603 are liquid 
crystal display driver LSIs with a TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 

The HD61602 incorporates the power supply 
circuit for the liquid crystal display driver. 
Using the software-controlled liquid crystal 
driving method, several types of liquid crys- 
tals can be connected according to the 
applications. 

The HD61603 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 



Features 

• Wide-range operating voltage 

— Operates in a wide range of supply 

voltage: 2.2 V to 5.5 V 
—Compatible with TTL interface at 4.5 V 

to 5.5 V 

• Low current consumption 

— Can run from a battery power supply 
(100 jjtA max. at 5 V) 

—Standby input enables standby opera- 
tion at lower current consumption (5 
/*A max. on 5 V) 

• Internal power supply circuit for liquid 
crystal display driver (HD61602) 
—Internal power supply circuit for liquid 

crystal display driver facilitates the 
connection to a microprocessor system 



Versatile segment driving capacity 



Type No. Driving Method 



Display 
Segments 



Example of Use 



Frame Fraq. (Hi) 
atfoac = 100 kHz 



Package 



HD61602 Static 



51 



8 segments x 6 digits + 3 marks 33 



1/2 bias 1/2 duty 102 



8 segments x 1 2 digits + 6 marks 65 



1/3 bias 1/3 duty 153 



9 segments x 1 7 digits 



208 



1/4 duty 204 



8 segments x 25 digits + 4 marks 223 



80-pin 
-Plastic 
QFP 

' FP-80 x 
- (FP-80A) 
v TFP-80 ; 



HD61603 Static 



64 



8 segments x 8 digits 



33 



80-pin 
Plastic 
QFP 
(FP-80) 



Ordering Information 



Type No. Package 



HD61602R 


80-pin plastic QFP(FP-80) 


HD61602RH 


80-pin plastic QFP(FP-80A) 


HD61603R 


80-pin plastic QFP(FP-80) 
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Pin Arrangement (Top View) 



HD61602R 



- NO O _ 

O Uzo CDCDOO cdcdcdcdcdcdcdcd 

CO CO >-LU UJUJUIUlUJUIUJUJUJUiUJlU 

O O coco cocococococococococococo 



/TeTTT 



READ 



uuuuuuuuuuuuuuuu 

^ S ? § 5 S 3 5 3 3 5 ? Hn 

srocdcdcd OOOOCDCDCD CDCDCD 

OO UJ Hi 1X1 uj uj ui ui UJ UJ LU 111 UJLULU 
UU CO CO CO CO CO CO CO CO CO CO CO CO CO CO 

(FP-80) 



HD61603R 

cJy zeroes cdc5cdcd°cdc>cdcdcdc5 
oQcocococococococococococococo 



]SEG 35 
] SEG 36 



(Top View) 



CD (3 CD CD cf CD S CD* CD S CD* CD CD CD CD CD 
I CO CO CO CO CO (/] 

(FP-80) 



HD61602RH 



§ gyyzoc5oc5aoooot?666c5c5 

K>OOt0(/)(A(0IA(0(Atf)»)l/)tf)V)UIAV)(A 



/K S f s s ; s s ; S 8 






60 




59 




58 




67 


5 


56 


6 


55 




64 






9 


62 




51 




SO 




49 
48 




47 


IS 


46 




45 


18 


43 


19 


42 


20 


41 


R 8 S S 8 S R S 8 8 5 !? ! 


S 8 8 ft 8 8 9 



(FP-80A) 



(Top View) 



842 



HITACHI 



HD61602/HD61603 



Block Diagram 



HD61602 



READY 

CS 
WE 
RE 



SYNC 



-n — \£ 



osc 



Data 

controller 



D -D 
SB 



Itroll 



LCD driving 

timing 

generator 



RAM write 
timing 
. generator 



Data latch 
8 bits x 2 



IL 



7$ 



Parallel/serial 
converter 



Mode n 
setting ♦ Operation 
latch F g Mode 



Address 
decoder 



Com- 
mon 
driver 



__Ln Common output 



Display 
data RAM 



LCD driving 

voltage 

generator 



toN^nffi" 



Vi 



Driving 
voltage 
selection 



Segment 
driver 



(4 lines) 



-U\ Segment output 

-TV ( 



(51 lines) 



HD61603 



READY 



D — D 3 



SYNC 



OSC 



4£H 



Data 

controller 



SB- 



LCD driving 

timing 

generator 



RAM write 
timing generator 



Data latch 
4 bits x 4 



IE 



Parallel/serjpl 
converter 



Mode 
setting 
latch 



Address 
decoder 



Common 
driver 



Display 
data RAM ~) 



Segment 
driver 



^ Common 
" output 



Segment 



ZIZ^ output 



(64 lines) 
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Absolute Maximum Ratings 



Item 


Symbol 


Limit 


Unit 


Power supply voltage * 


V DD , Vi, V 2 , V 3 


0.3 to + 7.0 


V 


Terminal voltage * 


V T 


0.3 to Vdd - 0.3 


V 


Operating temperature 


Topr 


-20 to +75 


°c 


Storage temperature 


Tstg 


-55 to +125 


•c 



* Value referenced to Vss = V, 

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 

Recommended Operating Conditions 



Limit 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Power supply voltage 


Vdd 


2.2 




5.5 


V 




Vi, V 2 , v 3 







V DD 


V 


Terminal voltage * 


V T 







Vdd 


V 


Operating temperature 


Topr 


-20 




75 





* Value referenced to Vss = V. 
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Electrical Characteristics 
DC Characteristics (1) 

(Vss = V, Vdd = 4.5 to 5.5 V, Ta = —20 to +75°C, unless otherwise noted) 



Limit 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Input high voltage 


OSCi 


V, H 1 


0.8V DD 




Vdd 


V 






Others 


V|H2 


2.0 


_ 


Vdd 


V 




Input low voltage 


OSCi 


V,L1 





- 


0.2V D d 


V 






Others 


V IL2 







0.8 


v 




Output leakage 
current 


READY 


lOH 




- 


5 


M 


Vo = Vdd 


Output low 
voltage 


READY 


Vol 


_ 


_ 


0.4 


V 


Iol = 0.4 mA 


Input leakage 

current 

*1 


Input 
terminal 


Iili 


-1.0 




1.0 


M 


Vim = 0-Vdd 


Vi 


■lL2 


-20 




20 


ma 


Vin - O-V3 




v 2 , v 3 


l|L3 


-5.0 




5.0 






LCD driver voltage 
drop 


COM0-COM3 


V d 1 






0.3 


V 


±ld - 3 p A for each 
COM, V 3 = Vdd-3 V 




SEG0—SEG50 


V d2 






0.6 


V 


±ld = 3 ^A for each 
SEG, V 3 = Vdd-3 V 


Power supply current 




Idd 






100 


M 


During display* 
Rose = 360 kO 






Idd 






5 


M 


At standby 


Internal driving 


V1, v 2 , v 3 


Vtr 






0.4 


V 


Vref2 = V DD - 1 V, 



voltage drop C1 -C4 = 0.3 /*F, 

RL = 3 MO 



* Except the transfer operation of display data and bit data. 
* 1 V1 , V 2 : apply only to HD61 602. 
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DC Characteristics (2) 

(Vss = V, Vdd = 2.2 to 3.8 V, Ta = -20 to +75°C, unless otherwise noted) 



Limit 



Item 




Svmhnl 


Min 


■ yp 


Max 


Unit 


■ vol wniiiuuii 


Input high voltage 




V, H 


0.8Vdd 




Vdd 


V 




Input low voltage 




V|L 







0.1 Vdd 


V 




Output leakage 
current 


READY 


lOH 




- 


5 


M 


Vin - Vdd 


Output low 
voltage 


READY 


Vol 


- 


- 


0.1 Vdd 


V 


Iol = 0.04 mA 


input icdKayc 

current 

*i 




Input 

terminal 


liu 


— 1 n 




1 


t ,A 


V|N - U-Vdd 


Vi 


I|L2 


-20 




20 


M 


Vin = 0-V3 




V 2 , V 3 


l|L3 


-5.0 




5.0 


M 




LCD driver voltage 
drop 


COM0-COM3 


V d 1 






0.3 


V 


± Id = 3 jiA for each 
COM, V 3 = Vdd-3 V 




SEG0—SEG50 


V d2 






0.6 


V 


± Id = 3 nfK for each 
SEG, V 3 = Vdd-3 V 


Power supply current 




Iss 






50 


MA 


During display* 
Rose = 330 ka 






Iss 






5 


M 


At standby 


Internal driving 
voltage drop 


V1 , v 2 , v 3 


Vtr 






0.4 


V 


Vref2 = Vdd-1 V, 
C1-C4 = 0.3 /*F 
RL = 3 MO, 
V DD - 3-3.8 V 



♦ Except the transfer operation of display data and bit data. 
* 1 V1 , V 2 : apply only to HD61 602. 
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AC Characteristics (1) 

(Vss = V, Vdd = 4.5 to 5.5 V, Ta = -20 to+75°C, unless otherwise noted) 









Limit 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Oscillation frequency OSC2 


fosc 


70 


100 


130 


kHz 


Rose =360 kfl 


External clock OSC1 
frequency 


fosc 


70 


100 


130 


kHz 




External clock duty OSC1 


Duty 


40 


50 


60 


% 




I/O signal timing 


ts 


400 




— 


ns 






tH 


10 






ns 






t\A/H 


300 






ns 






tWL 


400 






ns 






tWR 


400 






ns 






tDL 






1.0 


M s 


Figure 5 




tEN 


400 






ns 






tOP1 


9.5 




10.5 


Clock 


For display 
data transfer 




tOP2 


2.5 




3.5 


Clock 


For bit and mode 
data transfer 


Input signal rise time and fall time 


t r , tf 






25 


ns 





AC Characteristics (2) 

(Vss = V, Vdd = 2.2 to 3.8 V, Ta = -20 to+75°C, unless otherwise noted) 









Limit 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Oscillation frequency OSC2 


fosc 


70 


100 


130 


kHz 


Rose =330 kfl 


External clock OSC1 
frequency 


fosc 


70 


100 


130 


kHz 




External clock duty OSC1 


Duty 


40 


50 


60 


% 




I/O signal timing 


ts 


1.5 






M s 




(V DD = 3.0-3.8 V) 


t H 


1.0 






MS 






tWH 


1.5 






MS 






tWL 


1.5 






MS 






tDL 






2.0 


MS 


Figure 6 




tWR 


1.5 






MS 






tEN 


2.0 






MS 






t0P1 


9.5 




10.5 


Clock 


For display 
data transfer 




t0P2 


2.5 




3.5 


Clock 


For bit and mode 
data transfer 


Input signal rise time and fall time 


t r , tf 






25 


ns 
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Figure 1 Write Timing 

(RE is fixed at high level, and SYNC at low level) 



WE 



V, H 



tEN 



RE 



tEN 



READY 



twR 



tDL 



Vqh 



Figure 2 Reset/Read Timing 

(CS and SYNC are fixed at low level) 



WE 



READY 





'V, H 








tDL 








N 




/ 












h- t EN 



Figure 3 READY Timing 

(When the READY output is always available) 
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Measurement 
terminal o- 
(READY) 



Figure 4 SYNC Timing 



^47kQ >10kQ 



30 pF 



fl20kQ|1S2074H 
1 -V ss 



>470kQ 



Measurement 
terminal o- 
(READY) 



±30 pF 

Vss 



Figure 5 Bus Timing Load Circuit 
(LS-TTL Load) 



Figure 6 Bus Timing Load Circuit 
(CMOS Load) 
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Terminal Functions 
HD61602 Terminal Functions 



Terminal 
Name 


No. of 
Lines 


Input/Output 


Connected 
to 


Function 


V DD 


1 


Power supply 




Positive power supply. 


READY 


1 


NMOS open 
drain output 


MCU 


While data is being set in the display data RAM and 
mode setting latch in the LSI after data transfer, low 
is output from the READY terminal to inhibit the 
next data input. 

There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 


CS 


1 


Input 


MCU 


Chip select input. Data can be written only when 
this terminal is low. 


WE 


1 


Input 


MCU 


Write enable input. Input data of DO to D7 is lat- 
ched at the rising edge of WE. 


RE 


1 


Input 


MCU 


Resets the input data byte counter. After both CS 
and RE are low, the first data is recognized as the 
1st byte data. 


SB 


1 


Input 


MCU 


High level input stops LSI operations. 

1 . Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 


D0-D7 


8 


Input 


MCU 


Data input terminal for 8-bit x 2-byte data. 


Vss 


1 


Power supply 




Negative power supply. 


Vrefi 


1 


Output 


External 
R 


Reference voltage output. Generates LCD driving 
voltage. 


VREF2 


1 


Input 


External 
R 


Divides the reference voltage of Vrefi with external 
R to determine LCD driving voltage. Vref2 V1 . 


Vd , Vc2 


2 


Output 


External 
C 


Connection terminals for boosting C of LCD driving 
voltage generator. An external C is connected 
between Vd and Vc2- 


V1, V 2 , V 3 


3 


Output 
(Input) 


External 
C 


LCD driving voltage outputs. An external C is con- 
nected to each terminal. 


COM0-COM3 


4 


Output 


LCD 


LCD common (backplate) driving output. 


SEGo— SEG50 


51 


Output 


LCD 


LCD segment driving output. 


SYNC 


1 


Input 


MCU 


Synchronous input for 2 or more chips applica- 
tions. LCD driver timing circuit is reset by high 
input. LCD is off. 


OSC1 
OSC 2 


2 


Input 
Output 


External 
R 


Attach external R to these terminals for oscillation. 
An external clock (1 00 kHz) can be input to OSC1 . 



Note: Logic polarity is positive. 1 = high = active. 
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HD61603 Terminal Functions 

Terminal No. of 

Name Lines Input/Output 


Connected 
to 


Function 


Vdd 


1 


Power supply 




Positive power supply. 


READY 


1 


NMOS open 
drain output 


MCU 


While data is being set in the display data RAM and 
mode setting latch in the LSI after data transfer, low 
is output trom tne kcauy terminal to inniuit tne 
next data input. 

There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 


CS 


1 


Input 


MCU 


Chip select input. Data can be written only when 
this terminal is low. 


WE 


1 


Input 


MCU 


Write enable input. Input data of Do to D3 is latched 
at the rising edge of WE. 


RE 


1 


Input 




Reset the input data byte counter. After both of CS 
and RE are low, the first data is recognized as the 
1st byte data. 


SB 


1 


Input 


MCU 


High level input stops the LSI operations. 

1 . Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 


D0-D3 


4 


Input 


MCU 


Data input terminal from where 4-bit x 4 data are 
input. 


Vss 


1 


Power supply 




Negative power supply. 


v 3 


1 


Input 


Power 
supply 


Power supply input for LCD drive. Voltage between 
Vdd and V3 is used as driving voltage. 


COMo 


1 


Output 


LCD 


LCD common (backplate) driving output. 


SEG -SEG 63 


64 


Output 


LCD 


I f*l") cpnmpnt Hrivinn oiitnut 


SYNC 


1 


Input 


MCU 


Synchronous input for 2 or more chips applica- 
tions. LCD driver timing circuit is reset by high 
input. LCD is off. 


OSC1 
OSC2 


2 


Input 
Output 


External 
R 


Attach external R to these terminals for oscillation . 
An external clock (1 00 kHz) can be input to OSC1 . 



Note: Logic polarity is positive. 1 = high = active. 
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Display RAM 

HD61602 Display RAM 

The HD61602 has ail internal display RAM 
shown in figure 7. Display data is stored in 
the RAM, or is read according to the LCD 



driving timing to display on the LCD. One bit 
of the RAM corresponds to 1 segment of the 
LCD. Note that some bits of the RAM cannot 
be displayed depending on LCD driving 
mode. 



Common address 
(COM0-COM3) 



Display RAM 



51 bits 

Segment address (SEG — SEG50) 



Figure 7 Display RAM 
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Reading Data from Display RAM: A dis- 
play RAM segment address corresponds to a 
segment output. The data at segment 
address SEGn is output to segment output 
SEGn terminal. 



is reproduced on the LCD panel. 
When a 7-segment type LCD driver is con- 
nected, for example, the correspondence 
between the display RAM and the display 
pattern in each mode is as follows: 



A common address corresponds to the output 
timing of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 



1. Static drive 

In the static drive, only the column of 
COMo of display RAM is output. COMi to 
COM3 are not displayed. 



LCD connection 




COMq 



COM3 



COM 2 



COM! 



COMo 



Display RAM 




C3 O (D 

LU LU UJ uj 

C/5 if) C/5 C/) 



(D O O O 
Hi LU UJ HI 
(/)(/) GO C/5 



SEG 8 SEG e SEG 10 SEGn SEG 12 SEG 13 SEG 14 SEG 1B 



2. 1/2 duty cycle drive COMo and COMi of display RAM are out- 

put in time sharing. The columns of COM2 
In the 1/2 duty cycle drive, the columns of and COM3 are not displayed. 



LCD connection 



a 




3. 1/3 duty cycle drive 

In the 1/3 duty cycle drive, the columns of 
COMo to COM2 are output in time sharing. 
No column of COM3 is displayed. 



"Y" cannot be rewritten by display data 
(input on an 8-segment basis). Please use 
bit manipulation to turn on/off the dis- 
play of "Y". 
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COM 2 




C0M 3 



COM, 



COMi 



COM 



Display RAM 



DP 



SEG 3 SEG 4 SEG 5 SEG 6 



4. 1/4 duty cycle drive 

In the 1/4 duty cycle drive, all the col- 
umns of COMo to COM3 are displayed. 




Display RAM 



COM3 


f 


a 






COM2 


g 


b 






COM! 


e 


c 






COMq 


d 


DP 







SEG 2 SEG 3 SEG4 
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Writing Data into Display RAM: Data is 
written into the display RAM in the following 
five methods: 

1. Bit manipulation 

Data is written into any bit of RAM on a 
bit basis. 

2. Static display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 

3. 1/2 duty cycle display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/2 duty cycle drive. 

4. 1/3 duty cycle display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/3 duty cycle drive. 

5. 1/4 duty cycle display mode 



8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/4 duty cycle drive. 

The RAM area and the alocation of the seg- 
ment data for 1-digit display depend on the 
driving methods as described in "Reading 
Data from Display RAM". 

8-bit data is written on a digit basis corre- 
sponding to the above duty cycle driving 
methods. The digits are allocated as shown 
figure 8 (allocation of digits). As the data can 
be transferred on a digit basis from a micro- 
processor, transfer efficiency is improved by 
allocating the LCD pattern according to the 
allocation of each bit data of the digit in the 
data RAM. 

Figure 8 shows the digit address (displayed 



(1) Static 
COM COMiCOM 2 



SEG 
SEGi 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 

SEG 7 
SEG 8 

SEGg 

SEG10 

SEG 

SEG12 

SEG13 

SEGu 

SEG 15 

SEG 16 

SEG 17 

SEG 18 



AdO 



SEGso Ad 



FT 



(2) 

COM0COM1COM2 



1 /2 duty cycle 
display 



Ad1 



Ad2 



Z 



SEGo 
SEG1 
SEG 2 
SEG3 
SEG4 
SEG 5 
SEG 6 
SEG7 
SEG 8 

SEGg 

SEG10 

SEG 11 
SEG12 
SEG13 
SEG 14 
SEG15 
SEGie 

SEG17 
SEGi 8 

SEG 50 



AdO 



Ad1 



Ad2 



Ad3 



Ad4 



Ad12 



(3) 1/3 duty cycle (4) 
display 

COM0COM1COM2COM3 COM0COM1COM2COM3 



1 /4 duty cycle 
display 



SEGo 
SEG, 
SEG 2 
SEG3 
SEG 4 
SEG 5 
SEG 6 
SEG7 
SEG 8 

SEGg 

SEG10 
SEG,, 
SEG 12 
SEG13 
SEG14 
SEG15 
SEGi 6 
SEG17 
SEGia 

SEG 50 



AdO 



■4- 



Ad1 
H h 



Ad2 



H h- 



Ad3 



Ad4 



Ad5 



—i 

Ad6 

Ad16 



V 



SEGo 
SEG1 
SEG 2 
SEG 3 
SEG 4 
SEG S 
SEG 6 
SEG 7 
SEG 8 

SEGg 

SEG10 
SEGu 
SEG12 
SEG13 
SEG14 
SEGi 5 
SEGie 
SEG17 
SEGis 

SEGso 



AdO 
1 — 



Ad1 
— I — 



Ad2 
1 — 

Ad3 



Ad4 



Ad5 



Ad6 



Ad7 
1 — 

Ad8 
1 — 



Ad24 



Ad25 



Figure 8 Allocation of Digit (HD61602) 
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as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 
Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 

However, when the digit address is Ad6 for 
static, Adl2 for 1/2 duty cycle, or Ad25 for 1/ 
4 duty cycle, display RAM does not have 
enough bits for the data. 

Thus the extra bits of the input 8-bit data are 
ignored. 



In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits) and a common address 
(2 bits) should be specified. 

HD61603 Display RAM 

The HD61603 has an internal display RAM an 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
terminal. 



(1) Static display 
COMo 



SEGsn+4 
SEGen+5 
SEGsn+6 
SEGsn+7 



Bit 




(2) 1/2 duty display 
COM0COM1 



(3) 1 /3 duty display 

COMo COM 1 COM2 



SEG 8 


Bit 
7 


SEGfc 


Bit 
7 


6 


SEG 3n 


Bit 
7 


6 




SEGsn+1 


6 


SEG4n+1 


5 


4 


SEG3n+1 


5 


4 


3 


SEGgn+2 


5 


SEG4n+2 


3 


2 


SEG 3n +2 


2 


1 


Bit 



SEGsn+3 


4 


SEG411+3 


1 


Bit 












(4) 1 /4 duty display 

COMo COM 1 COM2 COM3 



SEG 2n 

SEG2n+1 



Bit 
7 


6 


5 


4 


3 


2 


1 


Bit 




Figure 9 Bit Assignment in an Adn (HD61602) 



1 bit 
(COMo) 



Display RAM 



64 bits 

Segment address (SEG — SEG 6 3) 



Figure 10 Display RAM (HD61603) 
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Reading Data from Display RAM: Each 
bit of the display RAM corresponds to an LCD 
segment. The data at segment address SEGn 
is output to segment output SEGn terminal. 
Figure 11 shows an example of the corre- 
spondence between the display RAM bit and 
the display pattern when a 7-segment type 
LCD is connected. 

Writing Data into Display RAM: Data is 
written into the display RAM in the following 
two methods: 
1. Bit manipulation 

Data is written into any bit of RAM on a 



bit basis. 
2. Static display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 

The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 



LCD connection 




Display RAM 



COM 


f 


e 


d 


c 


DP 


g 


b 


a 





SEG 8 SEG 9 SEG 10 SEGn SEG 12 SEG 13 SEG 14 SEG 15 SEG 16 



CD CD <3 CD CD CD CD 

LLI LLI Ltl LU LLI LLi LU 

CO CO CO CO CO CO CO 



Figure 11 Example of Correspondence between Display RAM Bit and Display Pattern 
(HD61603) 
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In bit manipulation, any one bit of display red on a bit basis, 1-bit display data and a 
RAM can be written. When data is transfer- segment address (6 bits) should be specified. 



COMo 



obvao 


- - 




OCV31 






ccn 

0CO2 


- • 
- 




SEG3 


AdO 




SEG4 






SEG 5 




SEG45 


ccr 

OCV36 


- 


err 
SE(J46 ^ 


0CU7 




SEG47 


SEG 8 




OCV348 


SEG 9 




SEG49 


SEG10 




SEGso [ 


SEG11 


Adl" 


SEG51 \ 


SEG 12 




SEG52 


SEG13 




SEGsa^ 


SEGu 




SEG54 


SEG 15 




SEG 55 " 


SEGia 




SEG 56 


SEG 17 




SEG57 " 


SEGis 




SEG 5 8 " 


SEG19 


Ad2 


SEG59 > 


SEG20 




SEGeo 


SEG21 




SEG 61 * 


SEG22 




SEG 62 " 


SEG23 




SEGes' 


SEG24 







Ad6 



Ad7 



COMo 


SEG 8n 


Bit 
7 




SEG 8 n+1 


6 




SEGen+2 


5 




SEGsn+3 


4 




SEGan+4 


3 




SEGen+5 


2 




SEGsn+6 


1 




SEG 8 n+7 


Bit 










Figure 12 Allocation of Digits 
(HD61603) 



Figure 13 Bit Assignment in an Adn 
(HD61603) 
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OPERATING MODES 



HD61602 Operating Modes 

The HD61602 has the following operating 

modes: 

1. LCD drive mode 

Determines the LCD driving method. 

a. Static drive mode 
LCD is driven statically. 

b. 1/2 duty cycle drive mode 

LCD is driven at 1/2 duty cycle and 1/ 

2 bias. 

c. 1/3 duty cycle drive mode 

LCD is driven at 1/3 duty cycle and 1/ 

3 bias. 

d. 1/4 duty cycle drive mode 

LCD is driven at 1/4 duty cycle and 1/ 
3 bias. 

2. Data display mode 

Determines how to write display data 

into the data RAM. 

a. Static display mode 

8-bit data is written into the display 
RAM according to the digit in static 



drive. 

b. 1/2 duty cycle display mode 

8-bit data is written into the display 
RAM according to the digit in 1/2 
duty cycle drive. 

c. 1/3 duty cycle display mode 

8-bit data is written into the display 
RAM according to the digit in 1/3 
duty cycle drive. 

d. 1/4 duty cycle display mode 

8-bit data is written into the display 
RAM according to the digit in 1/4 
duty cycle drive. 

3. READY output mode 

Determines the READY output timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
the READY is output can be selected from 
the following two modes: 



a. READY is mode always available. 



CS 
WE 



s 



READY 

Data transfer 
period 




- Input inhibit - 
period 



• Next data 
transfer 



b. READY is mode available by CS and 
RE. 



C5 
WE 
RE- 



READ Y 




Data transfer 
period 



■ Input inhibit - 
period 




Next data 
transfer 



4. LCD OFF mode 

In this mode, the HD61602 stops driving 
LCD and turns it off. 



5. External driving voltage mode 

A mode for using external driving voltage 
(Vi, V 2 , and V 3 ). 
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The above 5 modes are specified by mode tion. Bit manipulation is independent of data 
setting data. The modes are independent of display mode and can be used regardless of it. 
each other and can be used in any combina- 



HD61603 Operating Modes 

The HD61603 has the following modes: 

1. READY output mode 

Determines the READY output timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 



not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 



a. READY is always available. 



CS 

WE 

READY 



v 



Data transfer - 
period 



-Input inhibit - 
period 




A \*m— Next data 
transfer 



b. READY is mode available by CS and 
RE. 



WE 




Data transfer 
period 



-Input inhibit- 
period 



y 



H I*- Next data 
transfer 



2. LCD OFF mode 

In this mode, the HD61603 stops driving 
the LCD and turns it off. 
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INPUT DATA FORMATS 



HD61602 Input Data Formats 
Input data is composed of 8 bits x 2. Input 
them as 2-byte data after READY output 
changes from low to high or low pulse is 
entered into RE terminal. 

1. Display data (Updates display on an 8- 
segment basis) 

1st byte 









X 


Display address 








(Digit address Adn) 


7 


6 


5 


4 3 2 1 



3. Mode setting data 



1st byte 







External 
power 
supp ly 



7 6 
2nd byte 



I READY 
»bit 



IT 



OFF /ON 
bit 



2 1 



2nd byte 

i 1 i 1 1 1 1 

Display data 

i i i i i i i 

7 6 5 4 3 2 1 

a. Display address: Digit address Adn in 

accordance with 
display mode 

b. Display data: Pattern data that is 

written into the 
display RAM 
according to display 
mode and the 
address 



2. Bit manipulation data (Updates display 
on a segment basis) 
1st byte 






1 


Display 
data 


X 


X 


X 


COM 
address 


7 


6 


5 


4 


3 


2 


1 


2nd byte 












X 


X 


SEG address 
i i i i i 


7 


6 


5 


4 


3 


2 


1 



a. Display data: Data that is written 

into 1 bit of the 
specified display 
RAM 

b. COM address: Common address of 

display RAM 

c. SEG address: Segment address of 

display RAM 



a. Display mode bits: 

00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 

b. OFF/ON bit: 

1: LCD off (set to 1 when SYNC is 

entered.) 
0: LCD on 

c. Drive mode bits: 

00: Static drive 
01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 

d. READY bit: 

0: READY bus mode; READY out- 
puts only while CS and RE are 
0. (reset to when SYNC is 
entered.) 

1: READY port mode; READY 
outputs regardless of CS and 
RE. 

e. External power supply bit: 

0: Driving voltage is generated 

internally. 
1: Driving voltage is supplied 

externally, (set to 1 when SYNC 

is entered.) 



4. 1-byte instruction 



1st byte 



1 


1 


X 


X 


X 


X 


X 


X 



7 6 5 4 3 2 1 



The first data (first byte) is ignored when 
bit 6 and bit 7 in the byte are 1. 
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HD61603 Input Data Formats 



Input data is composed of 4 bits x 4. Input 
them as four 4-bit data after READY output 
changes from low to high or low pulse is 
entered into RE terminal. 

1. Display data (Updates display on an 8- 
segment basis.) 



1st byte 



2nd byte 






X 

u 


X 


X 


, 1 

Display address 
(Digit address Adn) 


3 2 


1 





3 


2 1 


3rd byte 






4th byte 


Display data 
Bit (7 6 5 


4 


Bit3 


'Display data 

2 1 
■ ■ . — i 1 



1 



1 



a. Display address: Digit address Adn 

shown in figure 12. 

b. Display data: Pattern data that is 

written into the 
display RAM as 
shown in figure 13. 

2. Bit manipulation data (Updates display 
on a segment basis.) 



1 st byte 






2nd byte 




1 

i 


Display 
data 


X 


■ r 

X X 
1 





3 2 


1 





3 2 


1 


3rd byte 






4th byte 




X X 

i 


SEG address 
Bit 5, 4 


SEG address 
Bit 3, 2 , 1 ,0 



3 2 10 
a. Display data: 



b. SEG address: 



3 2 10 
Data that is written 
into 1 bit of the 
specified display 
RAM. 

Segment address of 
display RAM (seg- 
ment output). 



3. Mode setting data 
1 st byte 



2nd byte 



1 


X 





X 


READY 
bit 


1 

X X 
1 


3 2 


1 





3 


2 


1 o 


3rd byte 






4th byte 




X x 
i 


i 1 

X 

1 


i 

X 


v 


OFF/ON 
bit 





3 2 


1 





3 


2 


1 



a. OFF/ON bit: 

1: LCD off (set to 1 when SYNC is 

entered.) 
0: LCD on 

b. READY bits: 

0: READY bus mode; READY out- 
puts only while CS and RE are 
0. (reset to when SYNC is 
entered.) 

1: READY port mode; READY 
outputs regardless of CS and 
RE. 

4. 1-byte instruction 
1 st byte 



1 



1 



3 2 1 

The first data (4 bits) is ignored when bit 
3 and 2 in the data are 1. 
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How To Input Data 

How to Input HD61602 Data 
Input data is composed of 8 bits x 2. Take 
care that the data transfer is not interrupted, 
because the first 8-bit data is distinguished 
from the second one by the sequence only. 

If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of bytes (count 
of the f irst and second bytes): 
1. Set CS and RE inputs low (no display data 



changes). 

2. Input 2 or more "1-byte instruction" data 
in which bit 7 and 6 are 1 (display data 
may change). 
The data inpu t method via data input termi- 
nals (CS, WE, D to D 7 ) is similar to that of 
static RAM such as HM6116. An access of the 
LSI can be made through the same bus line as 
ROM and RAM. When output ports of a 
microprocessor are used for an access, refer to 
the timing specifications and figure 14. 



Power on 
CS/ — 



WE f 




SB- 



D -D 7 - 



Mode setting data 



Mode setting data 



Display data 



* 1 : READY output is indefinite during 12 clocks after the oscillation start 

at power on (clock: OSC 2 clock). 
*2: High pulse should be applied to SYNC terminal when using two or more 

chips synchronously. 
*3: In the mode in which READY is always available, READY output is 

in definite while SYNC is high. 
* 4: Reset the byte counter after power on. 

* 5: READY output period is within 3.5 clocks in the mode setting operation 

and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 

* 6: Connect a pull-up resister if WE or RE may be floating. 

* 7: It is not always necessary to follow this example. 



Figure 14 Example of Data Transfer Sequence 
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How to Input HD61603 Data 
Input data is composed of 4 bits x 4. Take 
care that data transfer is not interrupted, 
because the first 4-bit data to the fourth 4-bit 
data are distinguished from each other by the 
sequence only. 

If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of data (count 
of the first 4-bit data to the fourth 4-bit data): 



1. Set CS and RE low. 

2. Input 4 or more "l-byte instruction" data 
(4 -bit data) in which bit 3 and 2 are 1 
(display data may change). 

The data inpu t method via data input termi- 
nals (CS, WE, DO to D3) is similar to that of 
static RAM such as HM6116. An access of the 
LSI can be made through the same bus line as 
ROM and RAM. When output ports of a 
microprocessor are used for an access, refer to 
the timing specifications and figure 15. 



Power on 



c§ v n r 



^ — \J\PJ\J WVW VAAAT 

™ /7l lA^VTJ 

ready /:::.y — " — v—t::j v i \_ 

*1 * 5 * 3 * 5 *5 
SYNC « f~\*l 



SB" 



D -D 3 Q«— *'X~X"X"X X - X -X-X-X X-X-M-X 

Mode setting data Mode setting data Display data 



* 1 : READY output is indefinite during 12 clocks after the oscillation start 

at power on (clock: OSC 2 clock). 

*2: High pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 

*3: In the mode in which READY is always available, READY output is in- 
definite while SYNC is high. 

*4: Reset the 4-bit data counter after power on. 

* 5: READY output period is within 3.5 clocks in the mode setting operation 

and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 

* 6: Connect a pull-up resister if WE or RE may be floating. 

* 7: It is not always necessary to follow this example. 



Figure 15 Example of Data Transfer Sequence 
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Notes on READY Output 

Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled until the completion 
of mode setting. 

There are two kinds of the READY output 
waveforms depending of the modes: 



1. READY bus mode (READY bit = 0) 

2. READY port mode (READY bit = 1) 



However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
16 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61602 and 
HD61603. 



Power on 



CS [/" 



cs 

WE 

D -D 7 



Power on 
WE 



RE 



READY 



Power on 

WE 

READY 



< 1st X 2nd >777r 



Mode setting latch is unsettled. 



kV/jj-*- READY output is unsettled. 
Mode setting data y/A 

(2-byte data) M .5 clocks (max) 



t 



Mode setting data are 
latched. 



"\ / — v. 



Note : CS = low 

(1) READY Bus Mode 



V 



f 



. t J 



1 . 5 clocks (max) 



a r — v 



Note : CS = low, RE = high 

(2) READY Port Mode 



1.5 clocks (max) 



3.5 clocks (max) 



Figure 16 READY Output According to Modes 
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Standby Operation 



Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 

1. LCD driver is stopped (LCD is off). 

2. Display data and operating mode are 
held. 



3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 

When this mode is not used, connect pin SB to 
V ss . 



Multichip Operation 

When an LCD is driven with two or more 
chips, the driving timing of the LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 

A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See 3. Mode 
Setting Data in "Input Data Formats".) Trans- 
fer the mode setting data into the LSI after 



every SYNC operation. 

If a power on reset signal is applied to the 
SYNC pin, the LCD can be off -state when the 
power is turned on. 

When SYNC input is not used, connect pin 
SYNC to V ss . 

When SB input is used, after standby mode is 
released, a high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 



Restriction on Usage 

Minimize the noise by inserting a noise by- 
pass capacitor (^ 1 //F) between Vdd and 
Vss pins. (Insert one as near chip as possible.) 



Liquid Crystal Display Drive Volt- 
age Circuit (HD61602) 

What is LCD Voltage? 

HD61602 drives liquid crystal display using 
four levels of voltages (figure 17); V D d, Vi, V*2, 
and V3 (Vdd is the highest and V 3 is the 
lowest). The voltage between Vdd and V3 is 
called Vlcd and it is necessary to apply the 
appropriate Vlcd according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 
ce it supplies the voltage to the LCD drive 
circuit of HD61602. 




Figure 17 LCD Output Waveform and 
Output Levels 
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When Internal Drive Power Supply 
is Used 

When the internal drive power supply is 
used, attach C1-C4 for charge pump circuits 
and variable resistance Ri for deciding dis- 
play drive voltage to HD61602 as shown in 
figure 18. 

Internal voltage is available by setting 
external voltage switching bits of mode set- 
ting data 0. 

Figure 19 shows voltage characteristics 
between Vdd and Vrefi. Voltage is divided at 
Ri, and then input into Vref2- Voltage 
between Vdd and Vref2 is equivalent to AV in 



figure 19, and so Vlcd can be changed by 
regulating the voltage. 

Vref2 is usually regulated by variable resis- 
tance, but when replacing Ri with two 
nonvariable resistances take Vrefi between 
max and min into consideration as shown in 
figure 19. 

Internal drive power supply is generated by 
using capacitance, and so large current can- 
not flow. When large liquid crystal display 
panel is used, examine the external drive 
power supply. 



Power 



C 5 

WWv 



C 6 
"IT 



11 



16 



17 



r1 r2 



r 
L 



18 



19 



— H* 


21 


— 


22 




23-26 



LCD 
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Figure 18 Example 
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When External Drive Power Sup- 
ply is Used 

An external power supply can be used by 
setting external voltage switching bits of 
mode setting data to 1. When a large liquid 
crystal display panel is used, in multichip 
designs, which need accurate liquid crystal 
drive voltage, use the external power supply. 
See figure 20. 

R2— R5 is connected in series between Vdd 



and Vss, and by these resistance ratio each 
voltage of AV and Vlcd is generated and then 
supplied to Vi, V2, and V3. C2— C4 are smooth- 
ing capacitors. 

When regulating brightness, change the 
resistance value by setting R5 variable resis- 
tance. 



Vdd-Vss(V) 




Figure 19 Voltage Characteristics 
between Vdd and V re fi 




(1) Static Drive 



(2) 1/2 Duty Cycle Drive 



(3) 1/3 and V/A Duty Cycle Drive 



Note: 1 . When standby mode is used, a transistor is required. 

2. R2-R5 should be" some kQ-some tens of kQ, and C2-C4 should be 0.1 #F-0.3//F. 
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Liquid Crystal Display Drive Volt- 
age (HD61603) 

As shown in figure 21, apply LCD drive volt- 
age from the external power supply. 



Oscillation Circuit 

When Internal Oscillation Circuit is Used 

When the internal oscillation circuit is used, 
attach an external resister Rose as shown in 
figure 22. (Insert Rose as near chip as possible, 
and make the OSC1 side shorter.) 



When External Clock is Used 

When an external clock of 100 kHz with 
CMOS level is provided, pin OSCi can be used 
for the input pin. In this case, open pin OSC2. 



Positive power - 
supply 



Ce 1 

12 



SB- 



IT, 



V DD 
V SS 



C 6 ^ 1 n? 



Note: When standby mode is used, a transistor is required. 



Figure 21 Example of Drive Voltage Generator 
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Figure 22 Example of Oscillation Circuit 
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Applications 
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Figure 23 Example (1) 
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Figure 24 Example (2) 
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(Segment Type LCD Driver) 



Description 

The HD61604 and the HD61605 are liquid 
crystal display driver LSIs with TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 

Several types of liquid crystal displays can be 
connected to the HD61604 according to the 
applications because of the software- 
controlled liquid crystal dispay drive method. 

The HD61605 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 



Features 

• Low current consumption 

—Can drive from a battery power supply 
(100 //A max on 5 V). 

—Standby input enables a standby oper- 
ation at lower current consumption (5 
pi A max on 5 V). 



Ordering Information 



Typo Wo. Package 

HD61604R 

HD61605R 8 °- pln P,8StiC QFP < Fp - 80 > 



Versatile Segment Driving Capacity 



Type No. 


Drive Method 


Display 
Segments 


Example of Use 


Frame 
atfoft 


i Freq (Hi) 
c=100kHz 


HD61604R 


Static 


51 


8 segments x 6 digits + 3 marks 


98 






1 /2 bias 1 /2 duty cycle 


102 


8 segments x 1 2 digits + 6 marks 


195 






1 /3 bias 1 /3 duty cycle 


153 


9 segments x 1 7 digits 


521 






1 /4 duty cycle 


204 


8 segments x 25 digits + 4 marks 


781 




HD61605R 


Static 


64 


8 segments x 8 digits 


98 
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Pin Arrangement 
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HD61605R 
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Block Diagram 
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Figure 1 HD61604 Block Diagram 
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Figure 2 HD61605 Block Diagram 
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Pin Functions 

Table 1 shows the HD61604 pin description. 
Table 2 shows the HD61605 pin description. 

HD61604 Pin Function 

READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 

There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 

CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 

WE (Write Enable): Write enable input. 
Input d ata o f Db to D7 is latched at the positive 
edge of WE. 

RE (Reset): Resets th e input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the 1st byte data. 

SB (Standby): High level input stops the LSI 
operations. 

1. Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 

Do— D7 (Data Bus): Data input pin from 
which 8-bit x 2-byte data is input. 

SYNC (Synchronous): Synchronous input 
for 2 or more chip applications. LCD drive 
timing generator is reset by high input. LCD 
is off. 

COM — COM 3 (Common): LCD common 
(backplate) drive output. 

SEG0-SEG50 (Segment): LCD segment 
drive output. 

Vi, V2, V3 (LCD Voltage): Power supply for 
LCD drive. 

OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100, kHz) can be input from OSC1. 

Vci, Vc2: Do not connect any wire. 

Vrkfi: Connect this pin to VI pin. 

Vrefz: Hold at Vdd level. 



Vdd: Positive power supply. 

Vss: Negative power supply. 

HD61605 Pin Function 

READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 

There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 

CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 

WE (Write Enable): Write enable input. 
Input data o f Dp to D3 is latched at the posi- 
tive edge of WE. 

RE (Reset): Resets th e input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the first byte data. 

SB (Standby): High level input stops the LSI 
operations. 

1. Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 

Do— D3: Data input pin from which 4-bit x 4- 
byte data is input. 

SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 

COMo (Common): LCD common (backplate) 
drive output. 

SEGo-SEG 6 3 (Segment): LCD segment 
drive output. 

OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100 kHz) can be input from OSC1. 

V3 (LCD Voltage): Power supply input for 
LCD drive. 

Voltage between Vdd and V3 is used as drive 
voltage. 

Vss: Negative power supply. 
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Vdd: Positive power supply. 



Table 1 HD61604 Pin Description 



Pin 
Name 


No.of 
Lines 


Input/Output 


Connected 
to 


READY 


1 


NMOS open 
drain output 


MCU 


CS 


1 


Input 


MCU 


WE- 


1 


Input 


MCU 


RE 


1 


Input 


MCU 


SB 


1 


Input 


MCU 


D0-D7 


8 


Input 


MCU 


SYNC 


1 


Input 


MCU 


COMo- 
COM3 


4 


Output 


LCD 


SEGo- 
SEG50 


51 


Output 


LCD 


V1, v 2 , v 3 


3 


Power supply 


External R 


osci, 

OSC2 


2 


Input, output 


External R 


Vci , V*C2 


2 


Output 




Vrefi 


1 


Input 


V1 


VreF2 


1 


Input 


Vdd 


Vdd 


1 


Power supply 





Vss 1 Power supply 



Table 2 HD61605 Pin Description 



Pin 
Name 


No.of 
Lines 


Input/Output 


Connected 
to 


READY 


1 


NMOS open 
drain output 


MCU 


CS 


1 


Input 


MCU 


WE- 


1 


Input 


MCU 


RE 


1 


Input 


MCU 


SB 


1 


Input 


MCU 


D0-D3 


4 


Input 


MCU 


SYNC 


1 


Input 


MCU 


COMo 


1 


Output 


LCD 


SEG -SEG 6 3 


64 


Output 


LCD 


OSC1, 
OSC2 


2 


Input, output 


External R 


v 3 


1 


Input 


Power 
supply 


Vss 


1 


Power supply 




Vdd 


1 


Power supply 





Note: Logic polarity is positive. 
1 = high = active. 



Note: Logic polarity is positive. 
1 = high = active. 
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Display RAM 

HD61604 Display RAM 

The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
the RAM, or is read according to the LCD 
drive timing to display on the LCD. One bit of 
the RAM corresponds to 1 segment of LCD. 
Note that some bits of the RAM cannot be 
displayed depending on LCD drive modes. 

Reading Data from HD61604 Display 
RAM 

A display RAM segment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 

A common address corresponds to the output 



timings of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 
is reproduced on the LCD panel. 

The following shows the correspondence 
between the 7-segment type LCD connec- 
tion and the display RAM in each mode. 

1. Static Drive: In static drive, only the 
column of COMo of display RAM is output. 
COMi to COM3 are not displayed (figure 
4). 

2. 1/2 Duty Cycle Drive: In the 1/2 duty 
cycle drive, the columns of COMo and 
COM 1 of display RAM are output in time 
sharing. The columns of COM2 and 
COM3 are not displayed (figure 5). 
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(COM0-COM3) 



r 












Display RAM 
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J 



51 bits 

Segment address (SEG — SEG50) 



Figure 3 Display RAM (HD61604) 
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Figure 4 Example of Correspondence between LCD Connection and Display RAM 
(Static Drive, HD61604) 
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3. 1/3 Duty Cycle Drive: In the 1/3 duty 
cycle drive, the columns of COMo to COM 
2 are output in time sharing. No column of 
COM3 is displayed, "y" cannot be rewrit- 
ten by display data (input on an 8-seg- 
ment basis). Please use bit manipulation 



in turning on/off the display of "y" cycle 
(figure 6). 

4. 1/4 Duty Cycle Drive: In the 1/4 duty 
cycle drive, all the columns of COMo to 
COM3 are displayed (figure 7). 
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Figure 5 Example of Correspondence between LCD Connection and Display RAM 
(1/2 Duty Cycle, HD61604) 
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Figure 6 Example of Correspondence between LCD Connection and Display RAM 
(1/3 Duty Cycle, HD61604) 
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Figure 7 Example of Correspondence between LCD Connection and Display RAM 
(1/4 Duty Cycle, HD61604) 
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Writing Data into HD61604 Display RAM 

Data is written into the display RAM in the 
following five methods: 

1. Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 

2. Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 

3. 1/2 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/2 
duty cycle drive. 



4. 1/3 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/3 
duty cycle drive. 

5. 1/4 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/4 
duty cycle drive. 

The RAM area and the allocation of the seg- 
ment data for 1 -digit display depend on the 
drive methods as described in the section of 
"Reading Data from Display RAM". 

8-bit data is written on a digit basis corre- 
sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 



(1) Static 
COMoCOIVhCOMz 



(2) 

COM COMiCOM 2 



1 /2 Duty Cycle 
Display 



SEGo 
SEG1 
SEG 2 

SEG 3 |AdO 
SEG 4 
SEG 5 
SEG 6 

SEG 7 
SEG 8 

SEGg 

SEG10 
SEGn 
SEG 12 
SEG13 
SEG 14 
SEG 15 
SEGie 
SEG,7 
SEGi 8 



SEG 50 Ad' 



Ad1 



Ad2 



SEGo 
SEd 
SEG 2 
SEG 3 
SEG4 
SEG 5 
SEG 6 
SEG 7 
SEG 8 

SEGg 

SEG 10 
SEGn 
SEG 12 
SEG13 
SEG 14 
SEG 15 
SEG 16 

SEG 17 
SEGis 

SEG50 



AdO 



Ad1 



Ad2 



Ad3 



Ad4 



Ad12 



(3) 1/3 Duty Cycle 
Display 



(4) 



1 /4 Duty Cycle 
Display 



COM COMiCOM 2 COM 3 
SEGo 



SEG1 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG e 
SEG 7 
SEG 8 

SEGg 

SEG10 
SEGn 
SEGi 2 
SEG13 
SEGu 
SEG15 
SEGie 
SEG17 
SEGis 

SEG50 



AdO 
-I h- 



Ad1 



H h 



Ad2 



Ad3 



Ad4 



Ad5 



H I— 

Ad6 

Ad16 



V. 



COMoCOM^OMzCOMa 
SEGo 



SEG, 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG 7 

SEGg 
SEGg 

SEG 10 
SEGn 
SEGi 2 
SEG13 
SEG14 
SEGi 5 
SEGie 
SEG17 
SEGis 

SEG50 



AdO 
— I — 



Ad1 



Ad2 



Ad3 



Ad4 



Ad5 



Ad6 
— 1 — 



Ad7 
— h— 



Ad8 
1 — 



Ad24 



Ad25 



878 



Figure 8 Allocation of Digits (HD61604) 
HITACHI 



HD61604/HD61605 



As the data can be transferred on a digit basis 
from a microprocessor, transfer efficiency is 
improved by allocating the LCD pattern 
according to the allocation of each bit data of 
the digit in the data RAM. 

Figure 8 shows the digit address (displayed 
as Adn) to specify the store address of the 
transferred 8 -bit data on a digit basis. 

Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 



However, when the digit address is Ad6 of 
static, Adl2 of 1/2 duty cycle, or Ad25 of 1/4 
duty cycle, display RAM does not have 
enough bits for the data. Thus the extra bits 
of the input 8-bit data are ignored. 

In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits)s and a common address 
(2 bits) should be specified. 

HD61605 Display RAM 

The HD61605 has an internal display RAM as 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
pin. 



(1) Static Display 
C0M 



SEGsn+4 
SEGsn+5 
SEGsn+6 
SEGsn+7 



Bit 




(2) 1 /2 Duty Display 
COMoCOIVh 



(3) 1/3 Duty Display 

C0M COM! C0M 2 



SEG 8 


Bit 
7 


SEG 4n 


Bit 
7 


6 


SEG 3n 


Bit 
7 


6 




SEGen + 1 


6 


SEG 4n +i 


5 


4 


SEG 3 n+1 


5 


4 


3 


SEGsn + 2 


5 


SEG4n+2 


3 


2 


SEG3n+2 


2 


1 


Bit 



SEGsn+3 


4 


SEG4n+3 


1 


Bit 












(4) 1 /4 Duty Display 

COMo COM 1 COM2 COM3 



SEG 2n 

SEG2n+1 



Bit 
7 


6 


5 


4 


3 


2 


1 


Bit 




Figure 9 Bit Assignment in an Adn (HD61604) 



1 bit 
(COMo) 



Display RAM 



64 bits 

Segment address (SEG — SEG 6 3) 



Figure 10 Display RAM (HD61605) 
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Reading Data from HD61605 Display 
RAM 

Each bit of the display RAM corresponds to 
an LCD segment. The data at segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon- 
dence between the 7-segment type LCD 
connection and the display RAM . 

Writing Data into HD61605 Display RAM 

Data is written into the display RAM in the 
following two methods: 

1. Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 



2. Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 

The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 

In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 



LCD connection 




Figure 11 Example of Correspondence between LCD Connection and Display RAM 
(HD61605) 
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COMo 
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SEd 
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SEG 4 






SEG 5 
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SEG13 
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SEGie 




SEG 56 


SEG17 




SEG57 " 


SEG 18 




SEG 58 " 


SEG19 
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SEG59 > 


SEG20 




SEG 60 " 


SEG 21 




SEG 6 i " 


SEG22 




SEG 62 " 


SEG 2 3 




SEG 63 " 


SEG24 







Ad6 



Ad7 



COMo 


SEG 8n 


Bit 
7 




SEG 8n +i 


6 




SEGsn+2 


5 




SEGen+3 


4 




SEGsn+4 


3 




SEG 8n +5 


2 




SEGsn+6 


1 




SEGan + 7 


Bit 










Figure 12 Allocation of Digits 
(HD61605) 



Figure 13 Bit Assignment in an Adn 
(HD 61605) 
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Operating Modes 

HD61604 Operating Modes 

The HD61604 has the following operating 
modes: 

1. LCD Drive Mode: Determines the LCD 
drive method. 

• Static drive mode: LCD is driven 
statically. 

• 1/2 duty cycle drive mode: LCD is driven 
with 1/2 duty cycle and 1/2 bias. 

• 1/3 duty cycle drive mode: LCD is driven 
with 1/3 duty cycle and 1/3 bias. 

• 1/4 duty cycle drive mode: LCD is driven 
with 1/4 duty cycle and 1/3 bias. 

2. Data Display Mode: Determines how to 
write display data into the data RAM. 

• Static display mode: 8-bit data is writ- 
ten into the display RAM according to 
the digit in static drive. 



• 1/2 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/2 duty cycle drive. 

• 1/3 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/3 duty cycle drive. 

• 1/4 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/4 duty cycle display 
drive. 

3. READY Output Mode: Determines the 
READY output timing. 

After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 

• READY is always available (figure 14). 

• READY is made available by CS and RE 
(figure 15). 



CS 
WE 



READY 

Data transfer 
period 




■ Input inhibit - 
period 



- Next data 
transfer 



Figure 14 READY Output Timing (When It is Always Available) 



C5 
WE 
RE 



READY 



Data transfer 
period 



y 




\ ^ 



\_/r 



• Input inhibit - 
period 



7W 



- Next data 
transfer 



Figure 15 READY Output Timing (When It is Made Available by CS and RE) 
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4. LCD Off Mode: In this mode, the 
HD61604 stops driving the LCD and turns 
it off. 

The above 4 modes are specified by mode 
setting data. The modes are independent of 
each other and can be used in any combina- 
tion. The bit manipulation is independent of 
data display mode and can be used regard- 
less of it. 

HD61605 Operating Modes 

The HD61605 has the following operating 
modes: 

1. READY Output Mode: Determines the 
READY output timing. 



After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 

• READY is always available (figure 16). 

• READY is made available by CS and RE 
(figure 17). 

2. LCD Off Mode: In this mode, the 
HD61605 stops driving the LCD and turns 
it off. 



CS 

WE 
READY 



Data transfer- 
period 



y 



V 



.A 



-Input inhibit - 
period 




-Next data 
transfer 



Figure 16 READY Output Timing (When It is Always Available) 



WE 
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ready 



Data transfer 
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\-y 



- Next data 
transfer 



Figure 17 READY Output Timing (When It is Made Available by CS and RE.) 
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Input Data Formats 

HD61604 Input Data Formats 

Input data is composed of 8 bits x 2 bytes. 
Input them as 2-byte data after READY out- 
put changes from low to high or low pulse 
enters into RE pin. 

1. Display Data: Updates display on an 8- 
segment basis. 



1st byte 









X 


Display address 
(Digit address Adn) 


7 


6 


5 


4 3 2 1 


2nd byte 






i i i « « i i 

Display data 

i i i ■ i i a 


7 


6 


5 


4 3 2 1 



• Display address: Digit address Adn in 
accordance with display mode 

• Display data: Pattern data written into 
the display RAM according to display 
mode and the address 

2. Bit Manipulation Data: Updates display 
on a segment basis. 



1 st byte 






1 


Display 
data 


X 


X 


X 


COM 
address 


7 


6 


5 


4 


3 


2 


1 


2nd byte 












X 


X 


■ ■ — r i i ■ i i 

SEG address 
i i i i i 


7 


6 


5 


4 


3 


2 


1 



Display data: Data written into 1 bit of 
the specified display RAM 
COM address: Common address of dis- 
play RAM 

SEG address: Segment address of dis- 
play RAM 



3. Mode Setting Data: 



1 st byte 



1 





X 





1 


READY 
bit 


Drive mode 
bits 


7 6 
2nd byte 


5 


4 3 2 1 


X 


X 


X 


X 


X 


OFF/OIS 
bit 


Display 
mode bits 



7 6 5 4 3 2 1 



• Display mode bits: 

00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 

• OFF/ON bit: 

1: LCD off (set to 1 when SYNC is 

entered) 
0: LCD on 

• Drive mode bits: 
00: Static drive 

01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 

• READ>Y bit: 

0: READY bus mode: READY outputs 
only while CS and RE are (reset to 
when SYNC is entered) 

1: READY port mode: READY outputs 
regardless of CS and RE 

Note: Input the same data to display mode bits 
and drive mode bits. 



4. 1-Byte Instruction: The first data (first 
byte) is ignored when the bit 6 and bit 7 
in the data are 1. 



1st byte 



1 


1 


X 


X 


X 


X 


X 


X 



7 6 5 4 3 2 1 
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HD61605 Input Data Formats 

Input data is composed of 4 bits x 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. 

1. Display Data: Updates display on an 8- 
segment basis. 



1st byte 2nd byte 




1 


X 

u 


X 


X 


1 , 

Display address 
(Digit address Adn) 


3 2 


1 





3 


2 1 


3rd byte 






4th byte 


Display data 

Bit|7 6 5 
i i i _ 


4 


Bit3 


Display data 

2 1 
i i i 



3 2 1 3 2 1 



• Display address: Digit address Adn 
shown in figure 12. 

• Display data: Pattern data written into 
the display RAM as shown in figure 13. 

2. Bit Manipulation Data: Updates display 
on a segment basis. 



1 st byte 2nd byte 



1 


Display 
data 


X 


1 

X X 

1 








3 2 


1 





3 2 


1 





3rd byte 






4th byte 






X X 


SEGa 
Bit 5 


ddress 
4 


SEG address 
Bit3, 2,1, 






i I I Z I I" ^ I =l-j : — i 

3 2 1 3 2 1 



3. Mode Setting Data: 



1st byte 2nd byte 



1 


X 





X 


READY 
bit 


X X 
1 


3 2 


1 





3 


2 


1 o 


3rd byte 






4th byte 




X X 


X 

1 


X 

■ 




OFF/ON 
bit 





i 

3 2 


1 





3 


2 


1 



• OFF/ON bit: 

1: LCD off (It is set to 1 when SYNC is 

entered) 
0: LCD on 

• READY bit: 

0: READY busmode: JREADY outputs 
only while CS and RE are (reset to 
when SYNC is entered) 

1: READY port mode: READY outputs 
regardless of CS and RE 

4. 1-Byte Instruction: The first data (4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 

1 st byte 

1 1 1 

1 1 x x 

3 2 10 



Display data: Data written into the 1 bit 
of the specified display RAM. 
SEG address: Segment address of dis- 
play RAM (segment output). 
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How to Input Data 

How to Input Data into HD61604 

Input data is composed of 8 bits x 2 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 8-bit data is distin- 
guished from the second one by the sequence 
only. 

When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of 
bytes (count of the first and second bytes): 



1. Set CS and RE to low (no display data 
changes). 

2. Input 2 or more 1-byte instruction data 
whose bit 7 and 6 are high (display data 
may change). 

The data input method via data input pins 
(CS, WE, Do to D7) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 18. 



CS 

WE 
RE 



Power on 
I 

/ 



♦ 6 



♦ 6 



ready /rrzi/VT 

SYNC 



SB 

D0-D7 



*5 



v.--' *3 



♦ 5 



*2 



,*5 



1st 2nd 

-CZXZZE 



1st 2nd 

X X X 



1st 2nd 

XXX 



Mode setting data 



Mode setting data 



Display data 



* 1 : READY output is indefinite during 1 2 clocks after the oscillation starts at power on (clock: 

0SC2 clock). 

* 2: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
*3: In the mode in which READY is always available, READY output is indefinite while high 

is being applied to SYNC. 
*4: Reset the byte counter after power on. 

* 5: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 

lation or within 10.5 clocks when the display data (8 bits) is updated. 
*6: Connect a pull-up resistor if WE or RE is floating. 
*7: It is not always necessary to follow this example. 



Figure 18 Example of Data Transfer Sequence 
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How to Input Data into HD61605 

Input data is composed of 4 bits x 4 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 4-bit data to the 
fourth 4-bit data are distinguished from each 
other by the sequence only. 

When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of data 
(count of the first 4 -bit data to the fourth 4- 
bit data): 



1. Set CS and RE to low (no display data 
changes.) 

2. Input 4 or more 1-byte instruction data 
(4 -bit data) whose bit 3 and 2 are high 
(display data may change). 

The data input method via data input pins 
(CS, WE Do to D3) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 19. 



Power on 

cs i ^ 1 \ / \ r~ 

we nr 6 B — \svru\j \j\j\nj vaaat 

re /7i \J~°~\J7l 

ready r~_-j — » — \_n~i— \_/ \_ 

*1 *5 *3 *5 *5 
SYNC SS 

SB » 

1 st 2nd 3rd 4th 1 st 2nd 3rd 4th 1 st 2nd 3rd 4th 

D0-D3 c^*—< y y y y y y y y y y vyyt 

Mode setting data Mode setting data Display data 



* 1 : READY output is indefinite during 1 2 clocks after the oscillation starts at power on (clock: 

OSC2 clock). 

* 2: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
*3: In the mode in which READY is always available, READY output is indefinite while high 

is being applied to SYNC. 
*4: Reset the 4-bit data counter after power on. 

*5: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the display data (8 bits) is updated. 
*6: Connect a pull-up resistor if WE or RE is floating. 
* 7: It is not always necessary to follow this example. 



Figure 19 Example of Data Transfer Sequence 
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Notes on READY Output 

Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2 -byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 

There are two kinds of the READY output 
waveforms depending on the modes. 



1. READY bus mode (READY bit = 0) 

2. READY port mode (READY bit = 1) 



However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
20 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61604 and 
HD61605. 



Power on 



CS 
WE 

D -D 7 



Power on 



WE 
RE 

READY 



Power on 

WE 

READY 



s 



X. 



■ < 1st X 2nd )j777i 

Vy/yr^- READY output is unsettled. 
Mode setting data j/yyi 

(2-byte data) M . 5 clocks (max) 



Mode setting latch is unsettled. 



Mode setting data 
are latched. 



"\ / V 



; CS = low 



A f 



a r 



(1) READY Bus Mode 



1.5 clocks (max) 





\ / \ 


/ 

a 








Note; CS = low, RE = high 


S 1 


1 . 5 clocks (max) 
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Standby Operation 

Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 

1. LCD driver is stopped (LCD is off). 

2. Display data and operating mode are 



held. 

3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 

When this mode is not used, connect pin SB to 
V ss . 



Multi Chip Operation 

When an LCD is driven with the two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 

A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See (3) Mode 
Setting Data in "Input Data Formats".) Trans- 
fer the mode setting data into the LSI after 



every SYNC operation. 

If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 

When SYNC input is not used, connect pin 
SYNC to V ss . 

When SB input is used, after standby mode is 
released, high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 



Restriction on Usage 

Minimize the noise by inserting a noise by- 
pass capacitor (^ 1 jiF) between Vdd and 
Vss pins. (Insert one as near chip as possible.) 



Liquid Crystal Display Drive Volt- 
age Circuit (HD61604) 

What is LCD Voltage? 

HD61604 drives liquid crystal display using 
four levels of voltages (figure 21); Vdd, Vi, V2, 
and V3 (Vdd is the highest and V3 is the 
lowest). The voltage between Vdd and V3 is 
called Vlcd and it is necessary to apply the 
appropriate Vlcd according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 



ce it supplies the voltage to the LCD drive 
circuit of HD61604. 

Connecting R2— R5 in series between Vdd 
and Vss (figure 22) generates AV or Vlcd by 
using the resistance ratio to supply these 
voltage to pins Vi, V2, V3. C2— C4 are the 
smoothing capacitors. Connect a trimmer 
potentiometer for R5 and change its resis- 
tance value to control the contrast. 
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AV 
AV 


;i: 


li 

V LC 


V dd 

D v 1 
v 2 


AV 






v 3 





Figure 21 LCD Output Waveform and 
Output Levels (1/3 Duty 
Cycle, 1/3 Bias) 




C 6 ^ 1 M F 



(1) Static Drive (2) 1/2 Duty Cycle Drive (3) 1/3 and 1/4 Duty Cycle Drive 



Note: 1 When standby mode is used, a transistor is required. 

2 R2-R5 should be some kO-some tens of kCl, and C2-C4 should be 0.1 //F-0.3 /*F. 



Figure 22 Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive 
age (HD61605) 



Volt- 



As shown in figure 23, apply LCD drive volt- 
age from the external power supply. 



Oscillation Circuit 

When Internal Oscillation Circuit is 
Used 

When the internal oscillation circuit is used, 
attach an external resistor Rose as shown in 
figure 24. (Insert Rose as near chip as possible, 
and make the OSC1 side shorter.) 



When External Clock is Used 

When an external clock of 100 kHz with 
CMOS level is provided, pin OSC1 can be used 
for the input pin. In this case, open pin OSC2. 



Positive power 
supply 



SB 



Ce 1 




12 








— ~> 


1 


— i 



C 6 ^ 1 fiF 



Note: When standby mode is used, a transistor is required. 



Figure 23 Example of Drive Voltage Generator 
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-etc. 



80 



NC 
79| 



0SC1 0SC2 



Multichip operation 



Figure 24 Example of Oscillation Circuit 
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Applications 



HD6809 
CPU 
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READY 
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V ss V, 

V 2 

V 3 
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-0- 
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+ 5V 



|g IS lo I Do 



-D7OSCI 0SC2 

VrefiH 
V REF2 



V DD 
READY 

V C2 SEG, SEG 5 



Liquid crystal 



Figure 25 Example (1) 



A, 3 

A,4 
A15 



Da- 
Do 
E 

BA 



Vcc 
Vss 



HD6809 
CPU I 



HD74LS138 



A 
B 

C 



+ 5V-*-VW- 



V, 
READY 



Vss 



I la lo I D o-D 3 G 



Vci 

V C 2 

COMp SEGq SEG43 



+ 5V 



If 



Vdd 
READY 



|Ui iuj pi O Do —Da 
1$ Ice lo z u ° 3 



V 3 



Vci 

Vc2 SEGo 



















— 







Figure 26 Example (2) 
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Absolute Maximum Ratings 






Item 


Symbol 


Limit 


Unit 


Power supply voltage * 


V DD , Vi, V 2 , V 3 


-0.3 to + 7.0 


V 


Pin voltage * 


V T 


-0.3 to Vqd + 0.3 


V 


Operating temperature 


Topr 


-20 to +75 


°c 


Storage temperature 


Tstg 


-55 to +125 


°c 



♦ Value referenced to Vss=0 V. 

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal operation . Use 
beyond these conditions will cause malfunction and poor reliability. 

Recommended Operating Conditions 



Limit 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Power supply voltage * 


V DD 


4.5 




5.5 


V 




Vi , V 2 , V 3 







V DD 


V 


Pin voltage * 


V T 







Vdd 


V 


Operating temperature 


Topr 


-20 




+ 75 


°c 



♦ Value referenced to Vss=0 V. 
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Electrical Characteristics 
DC Characteristics 

(Vss = V, Vdd = 4.5 V to 5.5 V, Ta= -20 °C to +75 °C f unless otherwise noted) 



Limit 



Item 




Symbol 


Min 


■ yp 


Mow 

max 


unit 


Tost Condition 


Innnt hinh v/nltsnp 


OSC1 


\/.. ... 

V|H1 


U.oVDD 




VDD 


\j 






Others 


V|H2 


2.0 


- 


Vdd 


V 




Input low voltage 


OSC1 


V,L1 







0.2V DD 


V 






Others 


V, L2 





_ 


0.8 


V 




Output leakage 
current 


READY 


lOH 


- 


- 


5 


*A 


Pull up the pin to Vdd 


Output low 
voltage 


READY 


Vol 


- 


- 


0.4 


V 


Iol=0.4 mA 


Input leakage 

current 

*1 


Input 
pin 


Iili 


-1.0 




1.0 




V| N = to Vdd 


Vi 


l|L2 


-20 




20 


M 


Vin=Vdd to V3 




v 2 , v 3 


l|L3 


-5.0 




5.0 


M 




LCD driver voltage 
drop 


COM0-COM3 


V d i 






0.3 


V 


±ld = 3 >uA for each 
COM, V 3 =V D d to 3 V 




SEGq— SEG50 


v d2 






0.6 


V 


± Id = 3 /uA for each 
SEG, V 3 =V DD to 3 V 


Current consumption * 2 


Idd 






100 


M 


During display* 
Rose = 360 kO 






Idd 






5 


M 


At standby 



* Except the transfer operation of display data and bit data . 
*1 V1, V 2 : applied only to HD61604. 

*2 Do not connect any wire to the output pins and connect the input pins to Vdd or Vss- 



894 



HITACHI 



HD61604/HD61605 



AC Characteristics 

(Vss = V, Vdd = 4.5 V to 5.5 V, Ta = -20 °C to +75 C, unless otherwise noted) 



Limit 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Oscillation frequency 0SC2 


fosc 


/u 


I uu 


1 

I ou 


Knz 


n0SC = «3OU ki2 


cxiernai ciock uol i 
frequency 


fosc 


/u 


1 fin 


1 

I ou 


Knz 




cxiernai ciock uuxy uou i 


Duty 


H-U 


ou 


ou 


/o 




I/O signal timing 


ts 


400 






ns 






tH 


10 


— 


— 


ns 






tWH 


300 






ns 






tWL 


400 






ns 






t\A/R 


400 






ns 






tDL 






1.0 


M$ 


Figure 31 




tEN 


400 






ns 






t0P1 


9.5 




10.5 


Clock 


For display 
data transfer 




t0P2 


2.5 




3.5 


Clock 


For bit and mode 
data transfer 


Input signal rise time and fall time 


tr, tf 






25 


ns 






Figure 27 Write Timing (RE is fixed high and SYNC low) 
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Figure 28 Reset/Read Timing (CS and SYNC are fixed low) 



WE 



I 



READY 



■V, H 
tDL 



X 



-toP1/ toP2~ 



-t EN - 



Figure 29 READY Timing (When the READY Output is Always Available) 



READY 



SYNC 



-tEN- 



-twH- 



_ Within _ 
1 clock 



Figure 30 SYNC Timing 
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Measurement 
pin o- 
(READY) 



30 pF± 



47 kQ flOkQ 



£120 kQ*1S2074H 
— V ss 



Figure 31 Bus Timing Load Circuit (LS-TTL Load) 
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HD61830/HD61830B 

LCDC(LCD Timing Controller) 



Description 

The HD61830/HD61830B is a dot matrix liquid 
crystal graphic display controller LSI that stores 
the display data sent from an 8-bit microcontroller 
in the external RAM to generate dot matrix liquid 
crystal driving signals. 

It has a graphic mode in which 1-bit data in the 
external RAM corresponds to the on/off state of 1 
dot on liquid crystal display and a character mode 
in which characters are displayed by storing char- 
acter codes in the external RAM and developing 
them into the dot patterns with the internal charac- 
ter generator ROM. Both modes can be provided 
for various applications. 

The HD61830/HD61830B is produced by the 
CMOS process. Thus, combined with a CMOS 
microcontroller it can complete a liquid crystal 
display device with lower power dissipation. 

Features 

• Dot matrix liquid crystal graphic display controller 

• Display control capacity 

— Graphic mode: 512k dots (2 16 bytes) 

— Character mode: 4096 characters (2 12 char- 
acters) 

• Internal character generator ROM: 7360 bits 
— 160 types of 5 x 7 dot characters 

— 32 types of 5 x 11 dot characters 
Total 192 characters 

— Can be extended to 256 characters (4 kbytes 
max.) by external ROM 

• Interfaces to 8-bit MPU 

• Display duty cycle (can be selected by a program) 
Static to 1/128 duty cycle 

• Various instruction functions 

— Scroll, cursor on/off/blink, character blink, 
bit manipulation 

• Display method: Selectable A or B types 

• Internal oscillator (with external resistor and 
capacitor) HD61830 



Operating frequency: 1.1 MHz HD61830 

2.4MHzHD61830B 
Low power dissipation 
Power supply: Single +5 V ±10% 
CMOS process 



Differences between Products 
HD61830 and HD61830B 






HD61830 


HD61830B 


Oscillator 


Internal or external 


External only 


Operating frequency 


1.1 MHz 


2.4 MHz 


Pin arrangement 
and signal name 


Pin 6: C 
Pin 7: R 
Pin 9: CPO 


Pin 6:UE 
Pin 7:GE 
Pin 9: NC 


Package marking 
to see figure 


® 


® 





Package Marking 



® 











^ 3D13-*~-^ 


Lot No. 




HD61830A00 






JAPAN 




K— 


O 





W 3D13- 
HD61830B00 

JAPAN 



O 



Lot No. 



Ordering Information 
Type No. Package 



HD61830A00H 
HD61830B00H 



60-pin plastic QFP (FP-60) 
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Pin Arrangement 



(CE)C 
(OE)R 
CR 

(NC) CPO 
FLM 
CLI 



SYNC 
WE 
RES 
CS 
E 

RAN 
RS 
MA 
GND 
DB 7 
DB 6 
DB 5 



CD 

2 2 



2 2 



<? <? <? 

2 2 2 2 2 2 



CO W r 



O O) 00 N CD Ifl 
CO IS) 10 LO lO IS) 



FP-60 
(top view) 



i) CD N CO CJ) 
CM CM CM CM CM CM 



O t— CM CO 
CO CO CO CO CO CO 



54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 



CO CO CQ CO CO 
Q Q Q Q Q 



> 8 



<D tf> ^ CO CM 

Q Q Q Q Q 
2 2 2 2 2 



MA 10 

MA„ 

MA 12 

MA 13 

MA 14 

MA 15 

D 2 

Di 

CL 2 

RD 

RD t 

RD 2 

RD 3 

RD 4 

RD 5 

RD 6 

RD 7 

MD 

MD 1 



( )isforHD61830B 



HITACHI 



899 



HD61830/HD61830B 



Terminal Functions 



Symbol 


Pin Number 


I/O 


Function 


DB -DB 7 


23-21 


I/O 


Data bus: Three-state I/O common terminal 
Data is transferred to MPU through DB to DB 7 . 


CS 


15 


I 


Chip select: Selected state with CS = 


R/W 


17 


I 


Read/Write: R/W = 1 : MPU <- HD61 830B 
R/W * 0. MPU -* HD61830B 


RS 


18 




Register select: RS * 1 : Instruction register 
RS ■ 0: Data register 


E 


16 




Enable: Data is written at the fall of E 
Data can be read while E is 1 


CR 


8 


1 


CR oscillator (HD61830), External clock input (HD61830B) 


C 


6 




CR oscillator to capacitor (HD61 830 only) 


R 


7 




CR oscillator to resistor (HD61830 only) 


CPO 


9 





Clock signal for HD61830 in slave mode (HD61830 only) 


CE 


6 





Chip enable (HD61 830B only) 

CE = 0: Chip enables make external RAM in active 


OE 


7 





Output enable (HD61 830B only) 

vjtz ss i. vjuipui enauie iniurms external riMivi inai nuoiooUD 
requires data bus 


NC 


9 


Open 


Unused terminal. Don't connect any wires to this terminal 
(HD61830B only) 


MAo-MA 15 


4-1, 
60-49 





External RAM address output 

In character mode, the lane code for external CG is output 
through MA12 to MA15 (O: Character 1st line, F: Character 16th 
line) 


MD -MD 7 


37-^30 


I/O 


Display data bus: Three-state I/O common terminal 


RD -RD 7 


45-38 


1 


ROM data input: Dot data from external character generator is 
input 


WE 


13 


O 


Write enable: Write signal for external RAM 


CL 2 


46 





Display data shift clock for LCD drivers 


CLi 


11 





Display data latch signal for LCD drivers 


FLM 


10 





Frame signal for display synchronization 


MA 


19 





Signal for converting liquid crystal driving signal into AC, A type 


MB 


5 


O 


Signal for converting liquid crystal driving signal into AC, B type 


Di 


47 





Display data serial output 


D 2 


48 




D^ For upper half of screen 
D 2 : For lower half of screen 


SYNC 


12 


I/O 


Synchronous signal for parallel operation 
Three-state I/O common terminal (with pull-up MOS) 
Master: Synchronous signal is output 
Slave: Synchronous signal is input 


RES 


14 


1 


Reset: Reset - results in display off, slave mode and H p - 6 
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SYNC CLI MAMBFLM 
A 



DBq-DBj 

CS ' 
E 

RS 
R/W 
RES < 



8 



CO 



2 



Busy 
flag 
(BF) 



Data 
input 
register 
(DIR) 



X 



(CE) 



(QE) 



Dot counter 
(DC) 



Data 
output 
register 
(DOR) 



Dot registers 
(DR) 



1 



Instruction 
register 
(IR) 



Control 
signal 



Refesh address 
counter M ) 

LL 



(RACj) 



Refesh address 
counter (2) 
(RAC 2 ) 



Cursor address 
counter 
(CAC) 



16 



16 



{> 



Line address 
counter 



Mode 
control 
register 
(MCR) 



Cursor 
signal 
generator 



Control 



Character 
generator 

ROM 
(CGROM) 



Multiplexer 



Oscillator 
circuit 



CL2 



Hh 

L VWV 
Rf 



Oscillator 
circuit 



Parallel/serial 
converter 



Parallel/serial 
converter 



CPO 



(CL 2 ) (CR) 



WE 
1_ 



RAM 



MDo-MD 7 



• Extended 
i.»J external 
j ROM 



RD -RD 7 



»D 2 



* When extended external ROM is used, MAq-MA^ 
are applied to RAM, MA 12 -MA 15 are applied to 
extended external ROM. 
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Block Functions 
Registers 

The HD61830/HD61830B has the five types of 
registers: instruction register (IR), data input regis- 
ter (DIR), data output register (DOR), dot registers 
(DR), and mode control register (MCR). 

The IR is a 4-bit register that stores the instruction 
codes for specifying MCR, DR, a start address reg- 
ister, a cursor address register, and so on. The 
lower order 4 bits DB to DB 3 of data buses are 
written in it 

The DIR is an 8-bit register used to temporarily 
store the data written into the external RAM, DR, 
MCR, and so on. 

The DOR is an 8-bit register used to temporarily 
store the data read from the external RAM. Cursor 
address information is written into the cursor 
address counter (CAC) through the DIR. When the 
memory read instruction is set in the IR (latched at 
the falling edge of E signal), the data of external 
RAM is read to DOR by an internal operation. The 
data is transferred to the MPU by reading the DOR 
with the next instruction (the contents of DOR are 
output to the data bus when £ is at the high level). 

The DR are registers used to store dot information 
such as character pitches and the number of verti- 
cal dots, and so on. The information sent from the 
MPU is written into the DR via the DIR. 

The MCR is a 6-bit register used to store the data 
which specifies states of display such as display 
on/off and cursor on/off/blink. The information 
sent from the MPU is written in it via the DIR. 

Busy Flag (BF) 

The busy flag = 1 indicates the HD61830 is per- 
forming an internal operation. Instructions cannot 
be accepted. As shown in Control Instruction, read 
busy flag, the busy flag is output on DB 7 under the 
conditions of RS = 1, R/W = 1, and E = 1. Make 
sure the busy flag is before writing the next 
instruction. 



Dot Counters (DC) 

The dot counters are counters that generate liquid 
crystal display timing according to the contents of 
DR. 

Refresh Address Counters (RAC1/RAC2) 

The refresh address counters, RAC1 and RAC2, 
control the addresses of external RAM, character 
generator ROM (CGROM), and extended external 
ROM. The RAC1 is used for the upper half of the 
screen and the RAC2 for the lower half. In the 
graphic mode, 16-bit data is output and used as the 
address signal of external RAM. In the character 
mode, the high order 4 bits (MA 12 -MA 15 ) are 
ignored. The 4 bits of line address counter are out- 
put instead and used as the address of extended 
ROM. 

Character Generator ROM 

The character generator ROM has 7360 bits in total 
and stores 192 types of character data. A character 
code (8 bits) from the external RAM and a line 
code (4 bits) from the line address counter are 
applied to its address signals, and it outputs 5-bit 
dot data. 

The character font is 5 x 7 (160 characters) or 5 x 
11 (32 characters). The use of extended ROM 
allows 8 x 16 (256 characters max.) to be used. 

Cursor Address Counter 

The cursor address counter is a 16-bit counter that 
can be preset by instruction. It holds an address 
when the data of external RAM is read or written 
(when display dot data or a character code is read 
or written). The value of the cursor address counter 
is automatically increased by 1 after the display 
data is read or written and after the set/clear bit 
instruction is executed. 
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Cursor Signal Generator 

The cursor can be displayed by instruction in 
character mode. The cursor is automatically gener- 
ated on the display specified by the cursor address 
and cursor position. 



Parallel/Serial Conversion 

The parallel data sent from the external RAM, 
character generator ROM, or extended ROM is 
converted into serial data by two parallel/serial 
conversion circuits and transferred to the liquid 
crystal driver circuits for upper screen and lower 
screen simultaneously. 
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Display Control Instructions 

Display is controlled by writing data into the 
instruction register and 13 data registers. The RS 
signal distinguishes the instruction register from 
the data registers. 8-bit data is written into the 
instruction register with RS = 1, and the data regis- 
ter code is specified. After that, the 8-bit data is 
written in the data register and the specified 
instruction is executed with RS = 0. 



During the execution of the instruction, no new 
instruction can be accepted. Since the busy flag is 
set during this, read the busy flag and make sure it 
is before writing the next instruction. 

1. Mode Control: Code $"00" (hexadecimal) 
written into the instruction register specifies the 
mode control register. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DB0 


Instruction reg. 





1 


























Mode control reg. 














Mode data 



DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Cursor/blink 


CG 


Graphic/character 
display 


I/O 


I/O 














Cursor off 


alCG 


Character display 
(Character mode) 









1 






Cursor on 






1 









Cursor off, character blink 


item; 








1 


1 






Cursor blink 


















1 


Cursor off 













1 






Cursor on 


8 

(0 








1 









Cursor off, character blink 


c 
<j> 

X 








1 


1 






Cursor blink 


UJ 














1 









Graphic mode 


Display ON/OFF 


Master/slave 


Blink 


Cursor 


Graphic/character 
mode 


Ext./lnt. CG 









1 : Master mode 
0: Slave mode 

1 : Display ON 
0: Display OFF 
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2. Set Character Pitch: Vp indicates the number 
of vertical dots per character. The space between 
the vertically-displayed characters is included in 
the determination. This value is meaningful only 
during character display (in the character mode) 
and becomes invalid in the graphic mode. 



Hp indicates the number of horizontal dots per 
character in display, including the space between 
horizontally-displayed characters. In the graphic 
mode, the H p indicates the number of bits of 
1-byte display data to be displayed. 

There are three H p values (table 1). 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DB0 


Instruction reg. 





1 























1 


Character pitch reg. 








( V p - 1 ) binary 





(Hp - 1) binary 



Table 1 


Hp Values 








Hp 


DB2 


DB1 


DBO 


Horizontal Character Pitch 


6 


1 





1 


6 


7 


1 


1 





7 


8 


1 


1 


1 
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3. Set Number of Characters: H N indicates the n = H p x H N 

number of horizontal characters in the character 

mode or the number of horizontal bytes in the H N can be set to an even number from 2 to 128 
graphic mode. If the total sum of horizontal dots on (decimal), 
the screen is taken as n, 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 




















1 





Number-of-characters reg. 











(H N - 1) binary 



4. Set Number of Time Divisions (Inverse of 1/N X is the display duty ratio. 
Display Duty Ratio): Nx indicates the number of 

time divisions in multiplex display. A value of 1 to 128 (decimal) can be set to N x . 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 




















1 


1 


Number-of-time-divisions 
reg. 











(N x - 1) binary 



5. Set Cursor Position: Cp indicates the position 
in a character where the cursor is displayed in the 
character mode. For example, in 5 x 7 dot font, the 
cursor is displayed under a character by specifying 
Cp = 8 (decimal). The cursor horizontal length is 
equal to the horizontal character pitch H p . A value 



of 1 to 16 (decimal) can be set to C p . If a smaller 
value than the vertical character pitch V p is set (C p 
<> V p ), and a character overlaps with the cursor, the 
cursor has higher priority of display (at cursor dis- 
play on). If C p is greater than V p , no cursor is dis- 
played. The cursor horizontal length is equal to H p . 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 

















1 








Cursor position reg. 




















(C p - 1 ) binary 



6. Set Display Start Low Order Address: Cause 
display start addresses to be written in the display 
start address registers. The display start address 
indicates a RAM address at which the data dis- 
played at the top left end on the screen is stored. In 



the graphic mode, the start address is composed of 
high/low order 16 bits. In the character display, it is 
composed of the lower 4 bits of high order address 
(DB3-DB0) and 8 bits of low order address. The 
upper 4 bits of high order address are ignored. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 











Display start address reg. 
(low order byte) 








(Start low order address) binary 
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Set Display Start High Order Address 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 








1 


Display start address reg. 
(high order byte) 








(Start high order address) binary 



7. Set Cursor Address (Low Order) (RAM 
Write Low Order Address): Cause cursor 
addresses to be written in the cursor address coun- 
ters. The cursor address indicates an address for 
sending or receiving display data and character 
codes to or from the RAM. 

That is, data at the address specified by the cursor 
address are read/written. In the character mode, the 
cursor is displayed at the character specified by the 
cursor address. 

A cursor address consists of the low-order address 



(8 bits) and the high-order address (8 bits). Satisfy 
the following requirements setting the cursor 
address (table 2). 

The cursor address counter is a 16-bit up-counter 
with set and reset functions. When bit N changes 
from 1 to 0, bit N + 1 is incremented by 1. When 
setting the low order address, the LSB (bit 1) of the 
high order address is incremented by 1 if the MSB 
(bit 8) of the low order address changes from 1 to 
0. Therefore, set both the low order address and the 
high order address as shown in the table 2. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 





1 





Cursor address counter 
(low order byte) 








(Cursor low order address) binary 



Set Cursor Address (High Order) (RAM Write High Order Address) 



Register r 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 





1 


1 


Cursor address counter 
(high order byte) 








(Cursor high order address) binary 



Table 2 Cursor Address Setting 
Condition 

When you want to rewrite (set ) both the low order 
address and the high order address. 

When you want to rewrite only the low order 
address. 

When you want to rewrite only the high order 
address. 



Requirement 

Set the low order address and then set the high 
order address. 

Don't fail to set the high order address again after 
setting the low order address. 

Set the high order address. You don't have to set 
the low order address again. 
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8. Write Display Data: After the code $"OC" is 
written into the instruction register with RS = 1, 
8-bit data with RS = should be written into the 
data register. This data is transferred to the RAM 



specified by the cursor address as display data or 
character code. The cursor address is increased by 
1 after this operation. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 








RAM 








MSB (pattern data, character code) LSB 



9. Read Display Data: Data can be read from the 
RAM with RS = after writing code $"OD" into 
the instruction register. Figure 1 shows the read 
procedure. 

This instruction outputs the contents of data output 
register on the data bus (DB to DB 7 ) and then 



transfers RAM data specified by the cursor address 
to the data output register, also increasing the cur- 
sor address by 1. After setting the cursor address, 
correct data is not output at the first read but at the 
second one. Thus, make one dummy read when 
reading data after setting the cursor address. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 





1 


RAM 


1 





MSB (pattern data, character code) LSB 



cs 



R/W 



RS 



i_r 



1 I I I L 



Busy 
check 



Cursor 
address 

Data 

output 

register 



Cursor 


Cursor 


Busy 


Cursor 


Cursor 


Busy 


Data 


Dummy 


Busy 


N 


Busy 


N + 1 




address 


low 


check 


address 


high 


check . 


read 


read 


check 


address 


check 


address 




set 


order 




set 


order 




mode 






data 




data 




mode 


address 




mode 


address 










read 




read 






write 






write 






















*NL 


N 


N + 1 


N + 2 


N + 3 



N address data] 



N + 1 
data 
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10. Clear Bit: The clear/set bit instruction sets 1 
bit in a byte of display data RAM to or 1, respec- 
tively. The position of the bit in a byte is specified 
by Nb and RAM address is specified by cursor 



address. After the execution of the instruction, the 
cursor address is automatically increased by 1. N B 
is a value from 1 to 8. N B = 1 and N B = 8 indicates 
LSB and MSB, respectively. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 


1 





Bit clear reg. 























(N B - 1 ) binary 


Set Bit 


Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 


1 


1 


Bit set reg. 























(N B - 1) binary 



11. Read Busy Flag: When the read mode is set 
with RS = 1, the busy flag is output to DB 7 . The 
busy flag is set to 1 during the execution of any of 
the other instructions. After the execution, it is set 
to 0. The next instruction can be accepted. No 
instruction can be accepted when busy flag = 1. 
Before executing an instruction or writing data, 
perform a busy flag check to make sure the busy 



flag is 0. When data is written in the register (RS = 
1), no busy flag changes. Thus, no busy flag check 
is required just after the write operation into the 
instruction register with RS = 1. 

The busy flag can be read without specifying any 
instruction register. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Busy flag 


1 


1 


I/O 
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RD 



X 

z 



-HP- 



■□□D-T- 



{□■■■□□□i 

■□□□■□□□■□□□■CD 

a. 

■□□□■□□□■□□□■□ ° 

■□□□■□□□■■■■□a 

□□□□□□□□□□□□□a 

.□□□□□□□□■■■■*= 



□□□ 
□□□ 
□□□ 



STA 





:□□□□■□□□ 

□■□□□□□□ 

■□□□□□□□ 



CURA 



■□□□■□□□ 

□□□□□□□□ 

□□□□□□□□ 




(digit) 



Symbol Name Meaning Value 



Hp 


Horizontal character pitch 


Horizontal character pitch 


6 to 8 dots 


H N 


Number of horizontal 
characters 


Number of horizontal characters per line 
(number of digits) in the character mode 
or number of bytes per line in the graphic 
mode 


2 to 128 digits 
(an even number) 


v P 


Vertical character pitch 


Vertical character pitch 


1 to 16 dots 




Cursor position 


Line number on which the cursor can be 
displayed 


1 to 16 lines 


Nx 


Number of time divisions 


Inverse of display duty ratio 


1 to 128 lines 



Note: If the number of vertical dots on the screen is m, and the number of horizontal dots is n, 

1/m = 1/N X = display duty ratio 

n = Hp x Hfsj, m/Vp = Number of display lines 

C p :SV p 
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Figure 2 Display Variables 
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Display Mode 



Display Data 
from MPU 



RAM 



Liquid Crystal 
Display Panel 



12. 
ET 

o 



Character 
display 



Character code 
(8 bits) 



by b 6 b 5 b 4 b 3 b 2 b-j b 



Start „ 
address 






1 

















1 





1 














1 






ABC 
A 



H p : 6, 7, or 8 dots 



Graphic 



Display pattern 
(8 bits) 



by b 6 b 5 b 4 b 3 b 2 b-j b 



Start . 
address 



• bo by | H, 




8 dots 



8 dots 



H p : 8 dots 



a 
© 

00 

o 
X 

O 

o\ 

00 

o 
W 
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Internal Character Generator Patterns and Character Codes 



\. Higher 
LoweN^bits 
4 bits 


0010 


0011 


0100 

¥ 


0101 


0110 


0111 


1010 


1011 


1 100 


1 101 


1110 


1111 


xxx xOOOO 






p 


'-. 


p 






•3 


MB 


tt 


•J 


'xxx xOOOl 


I 


■ 

■■■ 


Q 

■ ■ 


Q 

I — M f I 


a 

■■■a 


u 


-BBS 


■•p 

B„ 


m|m 

B 


S...I 


B ■ 

a 


1 


xxx X0010 


I! 


till 1 * 


p. 


R 

Li !_ 


b 


r 


r 


■f 

L__B 1 


■U 






G 


xxx X0011 


# 


3 


FT 


£ 




.JULftB. 


j 

-MB 


— a — 


MBM 

— B_ 


■■■■■ 
■■■■■ 

BBS- 


..1 , , . 

■ ■ 




xxx X0100 


$ 


4 


D 




d 


t 


\ 




h 




U 

r* 


■I !■ 


xxx X0101 




•J 


...SfPBB., 


u 

911 


S...3 


U 

_..,BB 1. 


S3 




m|m 

JL. 


1 


■ 


-Tnr~ 

u 


xxx X0110 


& 


to 


p* 

J 


U 


f 


«.,.' 

1 B 1 


— bH — 










r 


xxx X0111 


? 


7 


G 


w 


q 


w 


iim 

.«' 


mBm 
■mm 


■MM 


■■■ 

MMg 
„■ 


Q 


:rr. 


x x x X1O0O 


■ 

i. 


— m — 


H 


X 

LI BJ 


n 

LB 1— 


X 


•1* 

I B 1 


•? 

L_BB 1 


■alga 


y 


■■■ 

J" 


x 


x x x x 1001 


) 




I 


V 


X 


'-■i 


»!« 


T 


i 


i!.= 


-i 


U 

1 


xxxx1010 




:s 

S3 


J 




T- 

J 


MM* 






■ 

II 






■■■ 

■■|m 


xxxxl011 


H- 


SS 

i i 


K 


[ 

I - bbw 


k 


i 


:=t 

LB B — 


■ 

i — i 


t 


□ 


:•: 




xxxxHOO 


? 


< 


i 

■MM 


t — r- 


— ■ 

■ ■ 


1 




-j 


■■■■| 
Bi - 


r-| 


* 


Fl 


xxxx1101 


■■■■■ 


■■■■■ 








> 




7. 




.« 


t 


■ 
■ 


x x x x 1 1 10 


« 


> 


\- 




n 




3 


t 


■■ ■■ 

I s 




n 




XXXX1111 




•-• 

■ ._ 







jTi 


■£■■■ 




y 


1 


13 


"TT 

o 
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Example of Correspondence between External CG ROM Address Data and 
Character Pattern 

8x8 Dot Font 



A10 
A 9 
A 8 
A 7 



A6 A5 A4 A3 A2 A1 AO 







1 1 
1 1 



1 





4 

ft 

XI 














1 

1 

1 1 
1 1 



1 1 


1 


1 









i 





8 x 16 Dot Font 



A11 






































































A 9 
































1 


X A 8 








( 
















1 











A7 A6 A5 A4 


A3 A2 A1 AO 





0i 


o 2 


o 3 


4 


5 


o 6 


07 





°1 


2 


3 


04 


5 


o 6 


7 

























































1 




















































10 




















































11 
















































10 



























' 























10 1 



















































110 




















































111 



















































10 





















































10 1 





















































10 10 






















































10 11 






















































110 






















































110 1 






















































1110 






















































1111 
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Example of Configuration 

Graphic Mode or Character Mode (1) (Internal Character Generator) 



MPU 



HD61830 
HD61830B 



MD0-MD7 



Liquid crystal 
display module 



MAq-MA 15 at graphic mode, 
MAq-MA^ at character mode 



RAM 



Character Mode (2) (External Character Generator) 



MPU 



HD61830 
HD61830B 



RD0-RD7 



MA 12 - 
MA 15 



ROM 



MD - 
MD 7 



Parallel Operation (HD61830) 



MAq-MAh 



RAM 



Liquid crystal 
display module 



(Master) 



MPU 









HD61830 (1) 



CS 



CPO 



SYNCt j 



RAM 



U*CR SYNC 
o—J HD61830(2) 
cs (Slave) jLi 



RAM 



Liquid crystal 
display module (1) 



Liquid crystal 
display module (2) 



Driving both of two 
module by same 
common signal 



Parallel Operation (HD61830B) 



(Master) 



MPU 









CS 



HD61830B (1) 
SYNC t ( 



RAM 



SYNC 

HD61830B (2) 

n 



CS (Slave) 



RAM 



Liquid crystal 
display module (1 ) 



Liquid crystal 
display module (2) 



Driving both of two 
module by same 
common signal 
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HD61830 Application (Character Mode, External CG, Character Font 8x8) 



WE 


RAM (2) 
HM6116 


OE 


A 10 


CS 





C=7 








FLM 




MB 




CL, 






LCD module 


D 2 


LM 200 


+5V 




GND 




-5 V 




V 9 





HD61830 Application (Graphic Mode) 



HD6800 
MPU 



DBo-DBy 



CSE 

RSR/W 

RES 



HD61830 
controller 



MAo- 
MA 15 

MD -MD 7 



RAM 
16 kbits 
CMOS 



CLt. CL g 




HD44100H 



HD44100H 



Vi-V 8 



Power supply for 
liquid crystal 
drive 



"1 



•* HD44100H 



HD44100H 
J~" 



LM 200 
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HD61830B Application (Character Mode, External CG, Character Font 8x8) 



HD6303 



HD61830B 



WE 




OE 

RAM (2) *Jo 
CS 



HM6116 



5 



+5V 
GND 
-5V 



D, 




FLM 




MB 




CL, 




CL* 


LCD modulo 


D 2 


LM-200 


+5V 




GNO 




-5V 




V 





HD61830B Application (Graphic Mode) 



HD6303 
MPU 



DB -DB7 



CSE 
RSR/W 
RES 



OE 



CE 



MAo- 



MD -MD 7 



RAM 
16 kbits 
CMOS 



HO61830B 
controller 



CL 1t CLg 



MB, FLM 



WE 



GND - 
Vdd(5V)" 
V EE (-5V)- 



r" 



H061100A 



HD61100A 



Power supply for 
liquid crystal 
display drive 



"~1 



±3_ 



» HD61100A 



LCD 



HD61100A 



5* 
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HD61830 Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Notes 


Supply voltage 


Vcc 


-0.3 to +0.7 


V 


1.2 


Terminal voltage 


v T 


-0.3 to V cc +0.3 


V 


1.2 


Operating temperature 


"^opr 


-20 to +75 


°c 




Storage temperature 


^StQ 


-55 to +125 


°c 





Notes: 1 . All voltages are referenced to GND ■ V. 

2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. 
We strongly recommend that you use the LSIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 
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HD61830 Electrical Characteristics 

(V C c = 5 V ±10%, GND = V, T a = -20 to +75°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Notes 


Input high voltage (TTL) 


V| H 


2.2 


— 


Vcc 


V 




1 


Input low voltage (TTL) 


V,L 





— 


0.8 


V 




2 


Input high voltage 


V, H R 


3.0 


— 


Vcc 


V 




3 


Input high voltage (CMOS) 


V,HC 


0.7 V cc 


— 


Vcc 


V 




4 


Input low voltage (CMOS) 


V,LC 





— 


0.3 V CC 


V 




4 


Output high voltage (TTL) 


Von 


2.4 




Vrr 
¥ CC 


V 


— \r\u ■ 0.6 mA 


5 


Output low voltage (TTL) 


Vol 





— 


0.4 


V 


Iql 35 1 -6 mA 


5 


Output high voltage (CMOS) 


V OHC 


Vcc-0.4 




v C c 


V 


-Iqh 88 0.6 mA 


6 


Output low voltage (CMOS) 


VOLC 







0.4 


V 


Iql ■ 0.6 mA 


6 


Input leakage current 


•in 


-5 




5 


uA 


Vin*0-V cc 


7 


Three-state leakage current 


•tsl 


-10 




10 


u-A 


V OU T = 0-Vcc 


8 


Power dissipation (1) 


P W 1 




10 


15 


mW 


CR oscillation 
W - 500 kHz 


9 


Power dissipation (2) 


P W 2 




20 


30 


mW 


External clock 
f CD = 1 MHz 


9 


Internal clock operation 


Clock oscillation frequency 


fosc 


400 


500 


600 


kHz 


C f = 15pF±5% 
R fas 39kU±2% 


10 


External clock operation 


External clock operating 
frequency 


fcp 


100 


500 


1100 


kHz 




11 


External clock duty 


Duty 


47.5 


50 


52.5 


% 




11 


External clock rise time 


Vcp 






0.05 


U.S 




11 


External clock fall time 


tfcp 






0.05 


U.S 




11 


Pull-up current 


•PL 


2 


10 


20 


uA 


V IN = GND 


12 



Notes: The I/O terminals have the following configuration: 

1 . Applied to input terminals and I/O common terminals, except terminals SYNC , CR, and RES. 

2. Applied to input ter minal s and I/O common terminals, except terminals SYNC and CR. 

3. Applied to terminal RES. 

4. Applied to terminals SYNC and CR. 

5. Applied to terminals DB -D B 7 , WE, MA -MA 15 , and MD -MD 7 . 

6. Applied to terminals SYNC, CP0, FLM, CL 1f CL 2 , D h D 2 , MA, and MB. 

7. Applied to input terminals. 

8. Applied to I/O common terminals. However, the current which flows into the output drive MOS is 
excluded. 
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9. The current which flows into the input and output circuits is excluded. When the input of CMOS 
is in the intermediate level, current flows through the input circuit, resulting in the increase of 
power supply current. To avoid this, input must be fixed at high or low. 
The relationship between the operating frequency and the power dissipation is given below. 




250 500 750 1000 1250 1500 



fosc (kHz) 



10. Applied to the operation of the internal oscillator when oscillation resistor R f and oscillation 
capacity C f are used. 







R 






R f | 




C 

CR 







C f = 15pF±5% 
R f *39kn±2% 
(when f sc - 
500 kHz typ) 



The relationship among oscillation frequency, R f and Cf is given below. 
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11 . Applied to external clock operation. 



Open- 
Open- 



Oscillator 



R 
C 

CR 



0.7 V cc - 
0.5 Vcc~ 
0.3 V cc • 



L \ 



i 



r 



Duty cycle > 



l rcp 



l fcp 



T h + T, 



x100% 



12. Applied to SYNCJ, DB -DB 7t and RD ~RD 7 . 
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Input Terminal 

Applicable terminal: €S, E, RS, R/W, RES, CR Applicable terminal: RD0-RD7 (with pull-up 



(without pull-up MOS) 



Vcc 



p| [i PMOS 

I' 



H k-i NMOS 



MOS) 



Vcc Vcc 



^ — | H 1 pmos 



pj H PMOS 



(Pull-up MOS) 



HflNMOS 



Output Terminal 

Applicable terminal: CL^ CL2, MA, MB, FLM, 
D h D 2 , WE, OE, CE, MAo-MA 15 




NMOS 



I/O Common Terminal 

Applicable terminal: DB^-DBy, SYNC, MDq- 
MD7 (MDo-MD 7 have no pull-up MOS) 



Vcc V C c 

f£l PMOS 1 — J ^3 PMOS 

(Pull-up MOS) 



S-nNMOS 



Input circuit 




Output circuit 
(three state) 



Enable 



Data 
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Timing Characteristics 
HD61830 MPU Interface 

(V C c = 5 V ±10%, GND = V, T a = -20 to +75°C) 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Enable cycle time 




*CYC 


1.0 


— 


— • 


|IS 


Enable pulse width 


High level 


tWEH 


0.45 


— 




US 




Low level 


tWEL 


0.45 


— 


— 


U.S 


Enable rise time 




t£r 






25 


ns 


Enable fall time 




t E f 






25 


ns 


Setup time 




Us 


140 






ns 


Data setup time 




tosw 


225 






ns 


Data delay time 




*DDR 






225 


ns * 


Data hold time 






10 






ns 


Address hold time 




Uh 


10 






ns 


Data hold time 




*dh 


20 






ns 



Note: * The following load circuit is connected for specification: 

tCYC 



2.2 V r~ 



CS, R/W, RS 



tAS 



2.2 V 

■0.8 V 



DB -DB 7 
(MPU-+HD61830) 



tyyEH 



Jdsw 



\^2.2 V 
/^8V_ 



DB0-DB7 
(MPlk-HD61830) 



JdDR 



*DHW 



A0-4V A 



Vcc 



Test point o- 



D 2 

=i=c y- d 3 

3CD 4 

777 



R L = 2.4 kn 
R = 1 1 kft 

C s 1 30 pF (C includes jig capacitance) 
Diodes to D 4 :1S2074® 
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HD61830 External RAM and ROM Interface 
(V CC = 5 V ±10%, GND = V, T a = -20 to +75°C) 



It 6 m 


oyiiiuui 


Min 

■VI III 


iyp 


May 
IVIdA 


Unit 
unit 


OTINw uolay lima 










ns 


OVMP ni ilea umrlth 1-4 in h lawal 

OYINO puis 6 wiain nign level 


*WSY 


J7UU 






ns 


r^Pn ov/olcs timo 
wiU v#yv*io iiiiio 


tcCPO 


900 






ns 


u puioe wium myu level 


twCPOH 


450 






ns 


luw level 


*WCP0L 


450 






ns 


K)l A. to K4A^_ rofroch Hal saw tim a 
IVIMq IU IVIAN-j 5 lelleoll Uelcty III lie 


feMAR 








ns 


MMq TO MA-|5 Wiile aauiSSS aeiay lime 


*DMAW 






Odd 


ns 


MD to MD 7 write data delay time 


tDMDW 






200 


ns 


MD to MD 7f RD to RD 7 setup time 


tSMD 


900 






ns 


Memory address setup time 


tSMAW 


250 






ns 


Memory data setup time 


*SMDW 


250 






ns 


WE delay time 


towE 






200 


ns 


WE pulse width (low level) 


twWE 


450 






ns 



SYNC 



CPO 



-twSY - * 



MAq-MAts 



MD0-MD7 



RD0-RD7 



WE 



twCPOL 



tDMAR" 



I 



-tccpo-* 



twCPOH 



4V 
4V 



tDMAR— ♦ 



V2.2V 

Ao4V 



-tsMD- 



\f2T2V 

_/S L 1 8V_ 



-tsMD- 



X 



tDMAW— ♦ 



\j-2.2V 

A0.8V 



tDMDW 



t DWE - 



tsMAW 



\f2.4V 

/ \0.4V 



Y 4V / 



twWE 



tsMDW 



Notes: 1 . No load is applied to all the output terminals. 

2. "*" indicates the delay time of RAM and ROM. 
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HJJoioJU Lii^u Driver interlace 
(V C c = 5 V ±10%, GND = V, T a = 


-20 to +75°C) 










Item 


Symbol 


Mm 


Typ 


Max 


Unit 


Clock pulse width (high level) 


twcu 


450 






ns 


Clock delay time 


hci2 






200 


ns 


Clock cycle time 


l WCL2 


900 






ns 


Clock pulse width High level 


tyvCH 


450 






ns 


Low level 


twCL 


450 






ns 


MA, MB delay time 


*MD 






300 


ns 


FLM delay time 


tDF 






300 


ns 


Data delay time 


*dd 






200 


ns 


Data setup time 




250 






ns 


Note: No load is applied to all the output terminals (MA, MB, FLM, D 1f and D 2 ). 



CL1 



*~ twCL1 



tDCL2" 



CL2 



MA, MB 



twCH 

ft 



FLM 



D1 



tDD~ 



D2 



-*WCL2 ■ 



-*t DM » 



- t S D " 



tDF- 



)( 



X 
X 
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HD61830B Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Notes 


Supply voltage 


Vcc 


-0.3 to +0.7 


V 


1,2 


Terminal voltage 


v T 


-0.3 to V cc +0-3 


V 


1.2 


Operating temperature 


T~opr 


-20 to +75 


°C 




Storage temperature 


T sta 


-55 to +125 


°C 





Notes: 1 . All voltage is referred to GND » V. 

2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. 
We strongly recommend that you use the LSIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 
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HD61830B Electrical Characteristics 

(V C c = 5V ±10%, GND = V, T a = -20 to +75°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage (TTL) 


V| H 


2.2 




Vcc 


V 




1 


Input low voltage (TTL) 


V|L 





~\ 


0.8 


V 




2 


Input high voltage 


V|HR 


3.0 




Vcc 


V 




3 


Input high voltage (CMOS) 


V|HC 


0.7 V cc 




Vcc 


V 




4 


Input low voltage (CMOS) 


V|LC 







0.3 V cc 


V 




4 . 


Output high voltage (TTL) 


V H 


2.4 




Vcc 


V 


-l OH - 0.6 mA 


5 


Output low voltage (TTL) 


Vol 







0.4 


V 


Id - 1 .6 mA 


5 


Output high voltage (CMOS) 


VoHC 


V CC ~0.4 




Vcc 


V 


-Ioh = 0-6 mA 


6 


Output low voltage (CMOS) 


VOLC 







0.4 


V 


l i « 0.6 mA 


6 


Input leakage current 


J IN 


-5 




5 


HA 


V|N«0-V CC 


7 


Three-state leakage current 


ItSL 


-10 




10 


u.A 


Vout-O-Vcc 


8 


Pull-up current 


"PL 


2 


10 


20 


HA 


V in = GND 


9 


Power dissipation 


Pw 






50 


mW 


External clock 


10 



f cp « 2.4 MHz 



Notes: 1, 

2, 



Applied to input terminals and I/O common terminals, except terminals SYNC , CR, and RES. 
Applied to input ter minal s and I/O common terminals, except terminals SYNC and CR. 

3. Applied to terminal RES. 

4. Applied to terminals SYNC and CR. 

5. Applied to terminals DB -DB 7 , WE, MA -MA 15 , OE, CE, and MD -MD 7 . 

6. Applied to terminals SYNC, FLM, CL 1t CL 2 , D 1f D 2 , MA, and MB. 

7. Applied to input terminals. 

8. Applied to I/O common terminals. However, the current which flows into the output drive MOS is 
excluded. 

9. Applied to SYNC, DB -DB 7 , and RD -RD 7 . 

10. The current which flows into the input and output circuits is excluded. When the input of CMOS 
is in the intermediate level, current flows through the input circuit, resulting in the increase of 
power supply current. To avoid this, input must be fixed at high or low. 
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Input Terminal 



Applicable terminal: C5, E, RS, R/W, RES, CR Applicable terminal: RDq-RD; (with pull-up 



(without pull-up MOS) 



Vcc 
p| f^H PMOS 



H Fn NMOS 



MOS) 



Vcc V cc 



^ — jpJPMOS 



(Pull-up MOS) 



p] UJ PMOS 



lNMOS 



Output Terminal 

Applicable terminal: CLj, CL2, MA, MB, FLM, 
D h D 2 , WE, UE, UE, MAo-MA 15 




I/O Common Terminal 

Applicable terminal: DB0-DB7, SYNC, MDq- 
MD 7 (MDo-MD 7 have no pull-up MOS) 



Vcc 



Sj— | CJ PMOS I Lj PMOS 



(Pull-up MOS) 



Vcc 



NMOS 



Input circuit 




Output circuit 
(three state) 



Enable 



Data 
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Timing Characteristics 

HD61830B Clock Operation 

(V CC = 5 V ±10%, GND = V, T a = -20 to +75°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


External clock operating 
frequency 


fcp 


100 


— 


2400 


kHz 


1 


External clock duty 


Duty 


47.5 


50 


52.5 


% 


1 


External clock rise time 


Vcp 






25.0 


ns 


1 


External clock fall time 


tfcp 






25.0 


ns 


1 


SYNC output hold time 


tHSYO 


30 






ns 


2,3 


SYNC output delay time 


*DSY 






210 


ns 


2,3 


SYNC input hold time 


tHSYI 


10 






ns 


2 


SYNC input set-up time 


ISSY 






180 


ns 


2 



Notes: 1 . Applied to external clock input terminal. 



Oscillator 



CR 



0.7V CC 
0.5V CC 



0.3V CC f 



4\ 




Y* Duty cycle = ^rr=r * 1 00% 
tf C p T h +T| 



2. Applied to SYNC terminal. 



CR 



SYNC 
(Output: 
at master mode) 



SYNC 
(Input: at slave mode) 




3. Testing load circuit. 

Test o 



point ^1 CL==30pF 



(C L includes jig capacitance) 
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HD61830B MPU Interface 

(V CC = 5 V ±10%, GND = V, T a = -20 to +75°C) 



Item 




Symbol 


Min 


tVp 


Max 


Unit 


Enable cycle time 




tCYC 


1.0 


~~~ 




US 


Enable pulse width 


High level 


*WEH 


0.45 




— _ 


\xs 




Low level 


*WEL 


0.45 






[XS 


Enable rise time 




t£r 






25 


ns 


enable fall time 




*Ef 






25 


ns 


Setup time 




tAS 


140 






ns 


Data setup time 




*dsw 


225 






ns 


Data delay time 




*DDR 






225 


ns* 


Data hold time 




*DHW 


10 






ns 


Address hold time 




*ah 


10 






ns 


Data hold time 






20 






ns 



Note: * The following load circuit is connected for specification: 



2.2V 



0.8V 



CS, R/W, RS 



tAS 



:.2V 

I.8V 



DB0-DB7 
(MPU-HD61830B) 



DB0-DB7 
(MPU-HD61830B) 



tCYC 



twEH 



-t E r t Ef - 



.tpsw . 



2V 
I.8V 



-tDDR 



twEL 



t A H 



K 



tDHW 



X 



A04V A 



Test 
point 




R L = 2.4kQ 
R = 1 1 kQ 

C = 1 30 pF (C includes jig capacitance) 
Diodes D, to D 4 : 1S2074(H) 
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HD61830B External RAM and ROM Interface 
(V C c = 5 V ±10%, GND = V, T a = -20 to +75°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


MAo-MA 15 delay time 


*DMA 






300 


ns 


1,2,3 


MAo-MA 15 hold time 


*HMA 


40 






ns 


1,2,3 


CE delay time 


*DCE 






300 


ns 


1,2,3 


CEhold time 


Vice 


40 






ns 


1,2,3 


<5E delay time 






— 


300 


ns 


1,3 


5E hold time 


*HOE 


40 


— 




ns 


1,3 


MD output delay time 


^DMD 






150 


ns 


1,3 


MD output hold time 


thMDW 


10 


_ 




ns 


1.3 


WE delay time 


*DWE 






150 


ns 


1,3 


WE clock pulse width 


^WWE 


150 






ns 


1,3 


MD output high impedance 
time (1) 


*ZMDF 


10 






ns 


1,3 


MD output high impedance 
time (2) 


*ZMDR 


50 






ns 


1,3 


RD data set-up time 


*SRD 


50 






ns 


2 


RD data hold time 


^RD 


40 






ns 


2 


MD data set-up time 


*SMD 


50 






ns 


2 


MD data hold time 


^MD 


40 






ns 


2 


Notes: 1. RAM write timing 














i 


Ti 


1 — 


T 2 


T 3 







CR 



MA -MA 15 



WE 

MD -MD 7 
(Output) 



0.7V C( 




tHMDW 



T1 : Memory data refresh timing for upper screen 
T2: Memory data refresh timing for lower screen 
T3: Memory read/write timing 
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*1 This figures shows the timing for H p » 8. 

For Hp * 7, time shown by "b" becomes zero. For H p « 6, time shown by "a" and M b" become 
zero. 

Therefore, the number of clock pulses during T1 become 4, 3, or 2 in the case of H p « 8, 

Hp = 7, or Hp ■ 6 respectively. 
*2 The waveform for instructions with memory read is shown with a dash line. In other cases, 

the waveform shown with a solid line is generated. 
*3 When an instruction with RAM read/write is executed, the value of cursor address is output. 

In other cases, invalid data is output. 
*4 When an instruction with RAM read is executed, HD61830B latches the data at this timing. In 

other cases, this data is invalid. 



3. Test load circuit 



Test 
point 




R L = 2.4kQ 
R =11kQ 

C = 50 pF (C includes jig capacitance) 
Diodes Di to D 4 : 1S2074® 
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HD61830B LCD Driver Interface 



(V CC = 5V±10%,GND = 


0V,T a = -20to+75°C) 










Item 


Symbol 


Min 


tVp 


Max 


Unit 


Notes 


Clock cycle time 


twCL2 


416 


— 


— 


ns 


1.3 


Clock pulse width 
(high level) 


twCH 


150 


— 


— 


ns 


1.3 


Clock pulse width 
(low level) 


twCL 


150 






ns 


1.3 


Data dalav time 


*DD 






50 


ns 


1.3 


Data hold time 

ft^Glia 1 IwIm III 1 1 w 


^OH 


100 






ns 


1. 3 


Clock ohase difference ("\\ 

VlvvlX li/l IM^Q VJHII w 1 Iww 111 


*CL1 


100 






ns 


1 3 


Clock Dhase difference (2\ 

IvvTx Ul IQww VHIIWl vl Iw v V / 


tr*i o 


100 






ns 


1 3 


Clock phase difference (3) 


*CL3 


100 






ns 


1.3 


MA, MB delay time 


*DM 


-200 




200 


ns 


1.3 


FLM set-up time 


tSF 


400 






ns 


2,3 


FLM hold time 


t HF 


1000 






ns 


2.3 


MA set-up time 


*SMA 


400 






ns 


2.3 


MA hold time 


! HMA 


1000 






ns 


2,3 
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Notes: 1 . 



twCL2 



twCH 



CL 2 



D 1f D 2 



MA, MB 



td1 tcL2 *CL3 



-t DD 



twCL 



f 0.7V CC 



0.3V C( 



twCH 



tDH 



X 



XI 



7V CC 
3V CC 



X 



X 



-tDM 



0.7V CC 
0.3V CC 



X 



2. 



CL, 



FLM 



/ ' 




0.7V CC 
r 0.3V cc 




t SF 


t HF 








) 


L 0.7Vcc 4 
t 0.3V cc 




*SMA 


, _ t H MA 






P 




1 


t 0.7V cc 
0.3V CC 



3. Test load circuit 



Test Q . . 

point ± cl CL = 100 pF ( ° L indudeB Hg \ 

\ capacitance / 
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LCTC (LCD Timing Controller) 



Description 

The HD63645/HD64645/HD64646 LCTC is a 
control LSI for large size dot matrix liquid 
crystal displays. The LCTC is software com- 
patible with the HD6845 CRTC, since its 
programming method of internal registers 
and memory addresses is based on the CRTC. 
A display system can be easily converted 
from a CRT to an LCD. 

The HD64646 LCTC is a modified version of 
the HD64645 LCTC with different LCD inter- 
face timing. 

The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 

A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD66204 (column driver) and the 
HD66205 (common driver) by utilizing 4-bit 
x 2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 



Features 

• Software compatible with the HD6845 
CRTC 

• Programmable screen size: 
—Up to 1024 dots (height) 
—Up to 4096 dots (width) 

• High-speed data transfer: 

—Up to 20 Mbits/s in character mode 
—Up to 40 Mbits/s in graphic mode 

• Selectable single or dual screen configu- 
ration 

• Programmable multiplexing duty ratio: 
static to 1/512 duty cycle 

• Programmable character font: 
—1-32 dots (height) 

—8 dots (width) 

• Versatile character attributes: reverse 
video, blinking, nondisplay (white) , 
nondisplay (black) 

• OR function: superimposing characters 
and graphics display 



• Cursor with programmable height, blink 
rate, display position, and on/off switch 

• Vertical Smooth Scrolling and horizontal 
scrolling by the character 

• Versatile display modes programmable 
by mode register or external pins: display 
on/off, graphic or character, normal or 
wide, attributes, and blink enable 

• Refresh address output for dynamic RAM 

• 4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

• Recommended LCD driver: 
HD66204, HD66214T and HD66224T 
(column) 

HD66205 and HD66215T (common) 
HD66106F and HD66107T (column/ 
common) 

HD66110RT (column) 

• CPU interface: 

68 family HD63645 

Z80 family HD64645, HD64646 

• CMOS process 

• Single +5 V ±10% 



Differences Between Products 
HD63645, HD64645 and HD64646 





HD63645 HD64645 


HD64646 


CPU 
Interface 


68 family Z80 family 


Z80 family 


Bus Timing 


2 MHz 4 MHz 


4 MHz 


Pin 

Arrengement 
and Signal 
name 


Pin 41 : R/W Pin 41 : RD 
Pin 42: E Pin 42: WR 


Pin 41 : RD 
Pin 42: WR 


Other 




modified 
LCD driver 
interface 
timing 


Ordering Infomation 




Type No. 


CPU Interface 


Package 


HD63645F 


68 family 2 MHz bus 


80-pin plastic 


HD64645F 


Z80 family 4 MHz bus 


QFP (FP-80B) 


HD64646FS 


Z80 family 4 MHz bus 


80-pin plastic 
QFP (FP-80B) 
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Pin Arrangement 



<<<<<<<<<<<<<<<< 



MDO E 
MD1 d 
MD2 E 
MD3 E 
MD4 E 
MD5 E 
MD6 E 
MD7 E 
MD8 E 
MD9 01 
MD10IH 
MD11H 
MD12H 
MD13DZ 
MD14DZ 
MD15H 
V cc 1 D! 
LD3 01 
LD2 EH 
LD1 E 
LDO Gi 
LU3 H 
LU2 H 
LU1 DE 



£3 RAO 

Urai 

ERA2 

IDRA3 

HRA4 

DGND1 

3G/C 

Hat 
Els 

ID wide 
Ion/Off 
Emode 
zdble 

«lDB 7 
UDBe 
i3DB5 
£jDB 4 

3db 3 

«|DB 2 
^DBi 

«]DBo 

<I]R/W(RD) 
ID E (WR) 



( ) is for HD64645 and HD64646 



l«ll«jmi£ll5ll«ll«JlsJ|«Jl«l^l«Jl«JllJ 

5 Q. 

-j 5£uuww> Q 5 q a o Itc lt-> oc 
(Top View) 
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Pin Description 



Symbol 


Pin Number 


I/O 


Name 


Vcc1, V CC 2 


17, 32 


_ 


V CC 


GND1 , GND2 


37, 59 




Ground 


LU0-LU3 


22-25 





LCD Up Panel Data 0-3 


LD0-LD3 


18-21 





LCD Down Panel Data 0-3 


CL1 


28 





Clock One 


CL2 


29 





Clock Two 


FLM 


27 





First Line Marker 


M 


26 





M 


MAO- MA 1 5 


65-80 





Memory Address 0-15 


RA0-RA4 


60-64 





Raster Address 0-4 


MD0-MD7 


1-8 


I 


Memory Data 0-7 


MD8-MD15 


9-16 


, 


Memory Data 8-1 5 


DB0-DB7 


43-50 


I/O 


Data Bus 0-7 


CS 


39 




Chip Select 


E 


41 




Enable (HD63645 Only) 


R/W 


42 




Read/Write (HD63645 Only) 


WR 


41 




Write (HD64645 and HD64646) 


RD 


42 




Read (HD64645 and HD64646) 


RS 


40 




Register Select 


RES 


38 




Reset 


DCLK 


33 


, 


D Clock 


MCLK 


34 





M Clock 


DISPTMG 


35 





Display Timing 


CUDISP 


36 





Cursor Display 


SKO 


30 




Skew 


SK1 


31 




Skew 1 


ON/OFF 


53 




On/Off 


BLE 


51 




Blink Enable 


AT 


57 




Attribute 


G/C 


58 




Graphic/Character 


WIDE 


54 




Wide 


LS 


56 




Large Screen 


D/S 


55 




Dual/Single 


MODE 


52 




Mode 
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Pin Functions 

Power Supply (Vccl, Vcc2 v GND) 

Power Supply Pin (+5V): Connect V cc l 
and Vcc2 with +5 V power supply circuit. 

Ground Pin (OV): Connect GND1 and 
GND2 with V. 

LCD Interface 

LCD Up Panel Data (LU0-LU3), LCD 
Down Panel Data (LD0-LD3): LU0-LU3 
and LD0-LD3 output LCD data as shown in 
table 1. 

Clock One (CL1): CL1 supplies timing clocks 
for display data latch. 

Clock Two (CL2): CL2 supplies timing clock 
for display data shift. 

First Line Marker (FLM): FLM supplies 
first line marker. 

M (M): M converts liquid crystal drive output 
to AC. 

Memory Interface 

Memory Address (MA0-MA15): MAO- 
MAIS supply the display memory address. 

Raster Address (RA0-RA4): RA0-RA4 
supply the raster address. 

Memory Data (MD0-MD7): MD0-MD7 
receive the character dot data and bit- 
mapped data. 

Memory Data (MD8-MD15): MD8-MD15 
receive attribute code data and bit-mapped 
data. 

MPU Interface 

Data Bus (DB0-DB7) : DB0-DB7 send/ 
receive data as a three-state I/O common 
bus. 



Chip Select (CS): CS selects a chip. Low 
level enables MPU read/write of the LCTC 
internal registers. 

Enable (E): E receives an enable clock. 
(HD63645 only). 

Read/ Write (R/W): R/W enables MPU read 
of the LCTC internal registers when R/W is 
high, and MPU write when low (HD63645 
only). 

Write (WR): WR receives MPU write signal 
(HD64645 and HD64646). 

Read (RD): RD receives MPU read signal 
(HD64645 and HD64646). 

Register Select (RS): RS selects registers. 
(Refer to table 5.) 

Reset (RES): RES perfo rms external reset of 
the LCTC. Low level of RES stops and zero- 
clears the LCTC internal counter. No register 
contents are affected. 

Timing Signal 

D Clock (DCLK): DCLK inputs the system 
clock. 

M Clock (MCLK): MCLK indicates memory 
cycle; DCLK is divided by four. 

Display Timing (DISPTMG): DISPTMG 
high indicates that the LCTC is reading dis- 
play data. 

Cursor Display (CUDISP): CUDISP sup- 
plies cursor display timing; connect with 
MD12 in character mode. 

Skew (SKO)/Skew 1 (SKI): SKO and SKI 

control skew timing. Refer to table 2. 

Mode Select 

The mode select pins ON/OFF, BLE, AT, G/C, 



Table 1 LCD Up Panel Data and LCD Down Panel Data 

Single Screen 

Pin name 4-Bit Data 8-Bit Data Dual Screen 

LU0-LU3 Data output Data output Data output for upper screen 

LD0-LD3 Disconnected Data output Data output for lower screen 
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and WIDE are ORed with the mode register 
(R22) to determine the mode. 

On/Off (ON/OFF): ON/OFF switches dis- 
play on and off (High = display on) . 

Blink Enable (BLE): BLE high level enables 
attribute code "blinking" (MD13) and pro- 
vides normal/blank blinking of specified 
characters for 32 frames each. 

Attribute (AT): AT controls character 
attribute functions. 

Graphic/Character (G/C): G/C switches 
between graphic and character display mode 
(graphic display when high) . 



Wide (WIDE): WIDE switches between 
normal and wide display mode (high = wide 
display, low = normal display) . 

Large Screen (LS): LS controls a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCD interface mode. For more 
details, refer to table 10. 

Dual/Single (D/S): D/S switches between 
single and dual screen display (dual screen 
display when high) . 

Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num- 
ber of rasters, cursor start/end rasters, etc. 
(Refer to table 9.) 



Table 2 Skew Signals 



SKO 


SKI 


Skew Function 








No skew 


1 





1 -character time skew 





1 


2-character time skew 


1 


1 


Prohibited combination 
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Function Overview 

LCD and CRT Display Systems Main Features of HD63645/HD64645/ 

HD64646 

Figure 1 shows a system using both LCD and 

CRT displays. Main features of the LCTC are: 

• High-resolution liquid crystal display 
screen control (up to 720 x 512 dots) 
Software compatible with HD6845 
(CRTC) 

• Built-in character attribute control circuit 
Table 3 shows how the LCTC can be used. 



Table 3 Functions, Application, and Configuration 



Classification Item 



Description 



Functions 



Screen Format 



Cursor Control 



Memory Rewriting 
Memory Addressing 



Paging and Scrolling 



Character Attributes 



• Programmable horizontal scanning cycle by the character clock 
period 

• Programmable multiplexing duty ratio from static up to 1/512 

• Programmable number of vertical displayed characters 

• Programmable number of rasters per character row (number of 
vertical dots within a character row + space between character 
rows) 

• Programmable cursor display position, corresponding to RAM 
address 

• Programmable cursor height by setting display start/end rasters 

• Programmable blink rate, 1 /32 or 1 /64 frame rate 

•Time for rewriting memory set either by specifying number of 
horizontal total characters or by cycle steal utilizing MCLK 

• 1 6-bit memory address output, up to 64 kbytes x 2 memory acces- 
sible 

• DRAM refresh address output 

• Paging by updating start address 

• Horizontal scrolling by the character, by setting horizontal virtual 
screen width 

• Vertical smooth scrolling by updating display start raster 

• Reverse video, blinking, nopdisplay (white or black), display ON/ 
OFF 



Application CRTC Compatible 
OR Function 



• Facilitates system replacement of CRT display with LCD 

• Enables superimposing display of character screen and graphic 



Configuration LCTC Configuration 



• Single 5 V power supply 

• I/O TTL compatible except RES, MODE, SKO, SK1 

• Bus connectable with HMCS 6800 family (HD63645) 

• Bus connectable with 80 family (HD64645 and HD64646) 

• CMOS process 

• Internal logic fully static 

• 80-pin flat plastic package 
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Figure 1 LCD and CRT Displays 
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Differences Between HD64645 and 
HD64646 

Figure 2 and figure 3 show the relation 
between display data transfer period, when 
display data shift clock CL2 changes, and 
display data latch clock CL1. Figure 2 shows 
the case without skew function and figure 3 
shows the case with skew function. 

In figure 2, high period between CL2 and CL1 
of HD64645 overlap. HD64646 has no overlap 



like HD64645, and except for this overlap. 
HD64646 is the same as HD64645 function- 
ally. 

Also for the skew function, phase relation 
between CL1 and CL2 changes. As figure 3 
shows, data transfer period and CL1 high 
period of HD64646 never overlap with the 
skew function. 



MCLK 



DISPTMG 



CL1 

(HD64645) 



MCLK x 16 



CL1 

(HD64646) 



MCLK x 1 1 



CL2 

(fcL2 = ^MCLk) 



J~LrU~l_TL 



E-^JWUinJULTL 



Notes: f M cLK = Output frequency of MCLK 
fcL2 ~ Output frequency of CL2 



Figure 2 Differences between HD64645 and HD64646 (no skew) 
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MCLK 



DISPTMG 
CL1 

(HD64645) 
CL1 

(HD64646) 



MCLK x 16 



CL2 

(fd2 



CL2 



.wjnjn_n_n_ri 



- jiRjifiriJinjiari 



1 character skew 



MCLK 



DISPTMG 



CL1 

(HD64645) 



CL1 

(HD64646) 



J MCLK x U 



CL2 

(fcL2 



CL2 

(fcL2 



- w _J~LJTJnjnj~l_rL 



- 2 wiJiruifuirLriJiruijm 



2 character skew 



MCLK x 11 L 



MCLK x 1 1 



Figure 3 Differences between HD64645 and HD64646 (skew) 
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Internal Block Diagram 

Figure 4 is a block diagram of the LCTC. 



MA — MA 15 < 



RA — RA 4 < 



LU -LU 2 <: 
LD -LD 2 <: 



(WR) (RD) 
E R/W 

rs cs DBo — DB7 




Skew 
Circuit 



I 



MD — MD 15 cudisp skoski 

( ) is for HD64645 and HD64646 (Z80 types bus interface) 



Figure 4 LCTC Block Diagram 
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System Block Configuration 
Examples 

Figure 5 is a block diagram of a character/ 
graphic display system. Figure 5 shows two 
examples using LCD drivers. 



MPU Bus 



HD63645/HD64645/HD64646 



(WRMRD) 
E, R/W 

^DB0-DB7 



Dec. 



Multiplexer 



AD] 

A-RAM 
D 



AD 



V-RAM 
D 



7^> 




v 2 



CGROM 



DCLK 



CS, RS 
MA0-MA15 



MCLK 
DISPTMG 



CUDISP 



G/C 
AT 
LS 
D/S 
WIDE 
MODE 
ON/OFF 
BLE 



SKOh 
SK1 



RES 



MD8-MD15 v cc 
GND 



MD0 ~ LUO-3 
MD7 LD0-LD3 
CL2 
CL1 
M 

RA0-MD4 FLM 



CPG 



Mode select 



- Display On/off 

- Blink enable 



Reset 
+ 5V 

LJ 



LCD 
Module 



Char./Graph.— 1 

( ) is for HD64645 and HD64646 (Z80 type bus interface) 



Figure 5 Character/Graphic Display System Example 
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Interface to MPU 





P10— P17 




SC2 (R/W) 


HD6301 




MPU 






E 




P 30— P37 




RES 



1L 



Decoder 



< CS 



RESET - 



RS 



R/W 



t> DB -DB 7 



-G RES 



Note: HD6301 is set in mode 5. P10— P17 are used as output ports, and 
P30-P37 as data buses. SC2 outputs R/W here. 

Interface between HD6301 and HD63645 





A — A 15 




iol 




RD 


HD64180 




MPU 






WR 




D -D 7 




RES 



Decoder 



RESET - 



RS 



CS 



RD 



WR 



HD63645 
LCTC 



HD64645 
HD64646 
LCTC 



DB0-DB7 



< RES 



Note: In 80 family MPUs, I/O space is separate from memory space in 
software. Thus the LCTC, a part of I/O, needs the ORed signals 
of the interface signals and I0E. So I0E and RD, jind^OE and 
WR should be ORed to satisfy t AS , the timing of CS, RD, and 
WR. 

Interface between HD64180, HD64645 and HD64646 



Figure 6 Interface to MPU 
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Dual screen 



LUO- 
LU3 

FLM 

CL1 
CL2 
M 



LCTC 



LDO— 
LD3 



#1 



~i r 



HD66205 

(1) 



HD66205 

(5) 



c HD66204 




E HD66204 




E HD66204 

(8) 


(1) 




(2) 





LCD panel 400 x 640 dots 



1 /200 duty ratio 



JT 



c HD66204 




HD66204 
(10) 




HD66204 
(16) 


(9) 







Single screen 



LU0- 
LU3 

FLM 

CL1 
CL2 
M 



LCTC 



HD6 

( 


6205 
1) 






HD66205 
(2) 






HD66205 
(3) 



HD66204 
E (1) 




HD66204 
E (2) 




HD66204 
E (8) 







[80 



LCD panel 240 x 640 dots 
1/240 duty ratio 



Figure 7 LCD Driver Examples 
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Registers 

Table 4 shows the register mapping. Table 5 differences between CRTC and LCTC regis- 
describes their function. Table 6 shows the ters. 



Table 4 Registers Mapping 



Address 







Register 


Reg. 










cs 


DC 

RS 


43210 


no. 


Register Name 


Program Unit 


Symbol R/W 


1 








Invalid 
















AR 


Address Register 






W 





1 


00000 


R0 


Horizontal Total Characters 


Character 3 


Nht 


W 





1 


00001 


R1 


Horizontal Displayed Char.s 


Character 


Nhd 


W 





1 


01 001 


R9 


Maximum Raster Address 


Raster 


Nr 


W 





1 


01010 


R10 


Cursor Start Raster 


Raster 4 


Ncs 


W 





1 


01011 


R11 


Cursor End Raster 


Raster 


Nee 


W 





1 


01100 


R12 


Start Address (H) 


Memory Address 




R/W 





1 


01101 


R13 


Start Address (L) 


Memory Address 




R/W 





1 


01110 


R14 


Cursor Address (H) 


Memory Address 




R/W 





1 


01111 


R15 


Cursor Address (L) 


Memory Address 




R/W 





1 


10010 


R18 


Horizontal Virtual Screen WidthCharacter 


Nir 


W 





1 


10011 


R19 


Multiplexing Duty Ratio (H) 


Raster 3 


Ndh 


W 





1 


10100 


R20 


Multiplexing Duty Ratio (L) 


Raster 3 


Ndl 


W 





1 


10101 


R21 


Display Start Raster 


Raster 


Nsr 


W 





1 


10110 


R22 


Mode Register 


-Note 5 




W 



Data Bit 




Wyff 'MM f. 



ON/ 
OFF 



G/C 



WIDE 



BLE 



AT 



Notes: 



k'.',:^i. iO. J : Invalid data bits 

R/W indicates whether write access or read access is enabled to/from each register. 

W: Only write accessible 

R/W: Both read and write accessible 
The "value to be specified minus 1" should be programmed in these registers: RO f R1 and 
R20. 

Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27) . 



B 


P 


Cursor Blink Mode 








Cursor on; without blinking 


O 


1 


Cursor off 


1 





Blinking once every 32 frames 


1 


1 


Blinking once every 64 frames 



The OR of mode pin status and mode register data determines the mode. 

Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these 

registers will be ignored. 
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Table 5 Internal Register Description 
Reg. 



No. 


Register Name 


Size(Brts) 


Description 


AR 


Address Register 


5 


Specifies the internal control registers (RO, R1, 
R9-R15, R18-R22) address to be accessed 


RO 


Horizontal Total Characters 


8 


Specifies the horizontal scanning period 


R1 


Horizontal Displayed Characters 


8 


Specifies the number of displayed characters per 
character row 


R9 


Maximum Raster Address 


5 


Specifies the number of rasters per character row, 
including the space between character rows 


R10 


Cursor Start Raster 


5 + 2 


Specifies the cursor start raster address and its 
blink mode 


R11 


Cursor End Raster 


5 


Specifies the cursor end raster address 


R12 
R13 


Start Address (H) 
Start Address (L) 


16 


Specify the display start address 


R14 
R15 


Cursor Address (H) 
Cursor Address (L) 


16 


Specify the cursor display address 


R18 


Horizontal Virtual Screen Width 


8 


Specifies the length of one row in memory space 
for horizontal scrolling 


R19 
R20 


Multiplexing Duty Ratio (H) 
Multiplexing Duty Ratio (L) 


9 


Specify the number of rasters for one screen 


R21 


Display Start Raster 


5 


Specifies the display start raster within a character 
row for smooth scrolling 


R22 


Mode Register 


5 


Controls the display mode 



Note: For more details of registers, refer to "Internal Registers". 
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Table 6 Internal Register Comparison between LCTC and CRTC 
Reg. 



NO. 


1 /*T/* UHMtfie /UW\GMGMK ltAW\H*ttMA 


Comparison 


(#llTl# rHJ0o40 


AD 

An 


Address Register 


equivalent to Ln i u 


Address Register 


OA 


Horizontal Total Characters 




Horizontal Total Characters 


D 1 

nl 


Horizontal Displayed Characters 




Horizontal Displayed Characters 


DO 

Hz 




Particular to CRTC ; 


Horizontal Sync Position 


DO 




unnecessary for LCTC 


bync Width 


OA 






Vertical Total Characters 


DC 

no 






vertical i otai Adjust 


DC 

no 






Vertical Displayed Characters 


D"7 

n / 






Vertical Sync Position 


DO 

no 






Interlace and Skew 


DO 


Maximum Raster Address 


equivalent to Ln i u 


Maximum Raster Address 


di r\ 
nl U 


Cursor Start Raster 




uursor otart Master 


D1 1 

nl 1 


Cursor End Raster 




Cursor End Raster 


D1 O 

niz 


otart Address (H; 




otart Address (H; 


nl o 


otart Address \L) 




otart Address 


at a 
nl ** 


uursor Address {n) 




uursor {.n; 


R1 R 
n i o 


oursur Muurcss 




ircnr f 1 'S 

v^ursor ^Ly 


R16 




Particular to CRTC ; 


Light Pen (H) 


R17 




unnecessary for LCTC 


Light Pen (L) 


R18 


Horizontal Virtual Screen Width 


Additional registers for LCTC 




R19 


Multiplexing Duty Ratio (H) 






R20 


Multiplexing Duty Ratio (L) 






R21 


Display Start Raster 






R22 


Mode Register 
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Functional Description 
Programmable Screen Format 

Figure 8 illustrates the relation between LCD 



display screen and registers. Figure 9 shows a 
timing chart of signals output from the LCTC 
in mode 5 as an example. 



- Horizontal Total Characters (RO) - 



Horizontal Displayed Chars. (R1) - 



S 2 



V 



Start Address (R 12) 



Display Period 



CPU 

Memory Write Time 




Address 



Display 

Start 

Raster 

Address 

(R21) 



(1 Character) 



Figure 8 Relation between Display Screen and Registers 
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DISPTMG J | | 



CUDISP 



ji n. 



«J rfnnnnn nnn n ruiru 



MA0-MA15 



RA0-RA4 




FLM 



CL1 



CL2 



LUO 



LU1 



X 



J MCLKx 16 



X 



Note* : Relation between CL1 and CL2 in the case of HD64646 is differene from 
one shown in this chart. Refer to "Difference between HD64645 and 
HD64646". 



Figure 9 LCTC Timing Chart (In Mode 5: Single Screen, 4-Bit Transfer, Normal 
Character Display) 
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Cursor Control 

The following cursor functions (figure 10) can 
be controlled by programming specific regis- 
ters. 

• Cursor display position 



• Cursor height 

• Cursor blink mode 

A cursor can be displayed only in character 
mode. Also, CUDISP pin must be connected to 
MD12 pin to display a cursor. 
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Character Mode and Graphic Mode 

The LCTC supports two types of display 
modes; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft- 
ware for a system using the CRTC (HD6845) . 

The display mode is controlled by an OR 
between the mode select pins (D/S, G/C, LS, 
WIDE, AT) and mode register (R22). 

Character Mode: Character mode displays 
characters by using CG-ROM. The display 
data supplied from memory is accessed in 8- 
bit units. A variety of character attribute 
functions are provided, such as reverse video, 
blinking, nondisplay (white or black) ,by stor- 
ing the attribute data in attribute RAM (A- 
RAM). 

Figure 11 illustrates the relation between 
character display screen and memory con- 
tents. 



Graphic Mode 1: Graphic mode 1 directly 
displays data stored in a graphic memory 
buffer. The display data supplied from mem- 
ory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. Figure 12 illustrates the relation 
between graphic display screen and memory 
contents. 

Graphic Mode 2: Graphic mode 2 utilizes 
software for a system using the CRTC 
(HD6845). The display data supplied from 
memory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly the number of times spec- 
ified by maximum raster register (R9). The 
raster address is output in the same way as in 
character mode. 
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Horizontal Virtual Screen Width 

Horizontal virtual screen width can be speci- 
fied by the character in addition to the num- 
ber of horizontal displayed characters (figure 
13). 

The display screen can be scrolled in any 



direction by the character, by setting the 
horizontal virtual screen width and updating 
the start address. This function is enabled by 
programming the horizontal virtual screen 
width register (R18) . 

Figure 14 shows an example. 




1st 
Line 



V 



2nd 
Line 



V 



Display Screen 



VRAM 


ARAM 


^ 8-bit ^ 


8 - dit ^ 


FF 


55 


33 








00 


AA 


CC 









Figure 12 Relation between Graphic Screen and Memory Contents 




Horizontal 
displayed 
characters (R1 ) 

Horizontal virtual screen width(R1 8)- 



Figure 13 Horizontal Virtual Screen Width 
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R18 



R1 



Start Address 



} 1 2 3 4 
10 11 12 13 



Example: 

R1 8 (Horizontal Virtual Screen Width) = 10 
R1 (Horizontal Displayed Characters) = 5 



Displayed Area 



Performing horizontal 
scroll by updating 
the start address 
0to4 






1 


2 


3 




















10 


11 


12 


13 








N 


e 


w 












L 


C 


T 









Figure 14 Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width 
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Smooth Scroll 

Vertical smooth scrolling (figure 15) is per- 
formed by updating the display start raster, 
as specified by the start raster register (R21) . 
This function is offered only in character 
mode. 



Wide Display 

The character to be displayed can be doubled 
in width, by supplying the same data twice 
(figure 16). This function is offered only in 
character mode, and controlled either by bit 2 
of the mode register (R22) or by the WIDE 
pin. 






Display start raster address 
(R21)=0 (R21) = 1 



(R21) =2 



Figure 15 Example of Smooth Scroll by Setting Display Start Raster Address 




> 



12345 6 7 8 
WIDE = Low 




1 122 3 34455667788 
WIDE = High 



Figure 16 Example of Wide Display 
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Attribute Functions 

A variety of character attribute functions 
such as reverse video, blinking, nondisplay 
(white) or nondisplay (black) can be im- 
plemented by storing the attribute data in A- 
RAM (attribute RAM). Figure 17 shows a 
display example using each attribute func- 
tion. 



The attribute functions are offered only in 
character mode, and controlled either by bit 
of the mode register (R22) or the AT pin. As 
shown in figure 18, a character attribute can 
be specified by placing the character code on 
MD0-MD7, and the attribute code on MD11- 
MD15. MD8-MD10 are invalid. 



1. Black 2. White 

SE 
ffl 

5. Reverse Video 



R 



Figure 17 Display Example Using Attribute Functions 



MD Input 


15 


14 


13 


12 


11 


10-8 


7-0 


Function 


Non- 
display 
(black) 


Non- 
display 
(white) 


Blinking 


Cursor 


Reverse 
video 


* * * 


Character Code 



* : Invalid 



Figure 18 Attribute Code 
HITACHI 




HD63645/HD64645/HD64646 



OR Function —Superimposing Charac- 
ters and Graphics 

The OR function (figure 19) generates the OR 
of the data entered into MD0-MD7 (e.g. 
character data) and the data into MD8-MD15 
(e.g. graphic data) in the LCTC and transfers 



this data as 1 byte. 

This function is offered only in character 
mode, and controlled by bitO of the mode 
register (R22) or by the AT pin. Any attribute 
functions are disabled when using the OR 
function. 



Graphic data 
(Character data) 



Character data 
(Graphic data) 



I » | 1 

MD15 MD14 MD9 MD8 MD7 MD6 MD1 MDO 



m 8-bit 
data 



Figure 19 OR Function 
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DRAM Refresh Address Output Function 

The LCTC outputs the address for DRAM 
refresh while CL1 is high, as shown in figure 
20. The 16 refresh addresses per scanned line 
are output 16 times, from $00-$FF. 

Skew Function 

The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD 
inputs. 

If buffer memory and character generator 
ROM cannot be accessed within one hori- 



zontal character display period, the access is 
retarded to the next cycle by inserting a latch 
to memory address output and buffer mem- 
ory output. The skew function retards the 
CUDISP, DISPTMG, CL2 outputs, and MD 
inputs in the LCTC to match phase with the 
display data signal. 

By utilizing this function, a low-speed mem- 
ory can be used as a buffer RAM or a charac- 
ter generator ROM. 

This function is controlled by pins SKO and 
SKI as shown in table 7. 



Table 7 Skew Function 



SKO 


SKI 


Skew Function 








No skew 


1 





1 character time skew 





1 


2 character time skew 


1 


1 


Inhibited combination 



DISPTMG 



CL1 



MCLK 



jinjuuinjinjuuuuuinnnjuuuinfuir 



MA0-MA7 



Display 
Memory • 
Address 



4 5 



10 



11 



12 



13 



14 



15 16 



DRAM Refresh 
Address 



I Display 
•Memory 
Address 



Figure 20 DRAM Refresh Address Output 
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Easy Mode 

This mode utilizes software for systems using 
the CRTC (HD6845) . By setting MODE pin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRT screen can be utilized in a 
system using the LCTC, without changing 
the BIOS. 



Automatic Correction of Down Panel 
Raster Address 

When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA) and raster addresses (RA) are output in 
such a way as to keep continuity of a display 
spread over the two panels. Therefore users 
can use the LCTC without considering the 
multiplexing duty ratio (the number of verti- 
cal dots of a screen) or the character font. 
(See figure 21.) 



Table 8 Fixed Values in Easy Mode 



Reg. No. 


Register Name 


Fixed Value (decimal) 


R9 


Maximum raster address 


7 


R10 


Cursor start raster 


6 


R11 


Cursor end raster 


7 


R18 


Horizontal virtual screen width 


Same value as (R1) 


R19 


Multiplexing duty ratio (H) 


99 (in dual screen mode) 


R20 


Multiplexing duty ratio (L) 


1 99 (in single screen mode) 


R21 


Display start raster 





R22 


Mode register 






Up panel 



ABC- 



Down panel 



Characters are continuous in spite of 
the break of a screen. 



Figure 21 Example of the Display in the Character Mode 
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System Configuration and Mode 
Setting 

LCD System Configuration 

The screen configuration, single or dual, must 
be specified when using the LCD system 
(figure 22) . 

Using the single screen configuration, you 
can construct an LCD system with lower cost 
than a dual screen system, since the required 
number of column drivers is smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown voltage of a 
driver, and display quality of the liquid crys- 
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit- 
able to an application. 

The LCTC also offers an 8-bit LCD data 
transfer function to support an LCD screen 
with a smaller interval of signal input termi- 
nals. For a general size LCD screen, such as 
640 x 200 single, or 640 x 400 dual, the usual 
4-bit LCD data transfer is satisfactory. 



Hardware Configuration and Mode Set- 
ting 

The LCTC supports the following hardware 
configurations: 

• Single or dual screen configuration 

• 4-or 8-bit LCD data transfer 

and the following screen format: 

• Character, graphic 1, or graphic 2 display 

• Normal or wide display (only in character 
mode) 

• OR or attribute display (only in character 
mode) 

Also, the LCTC supports up to 40 Mbits/s of 
large screeen mode (mode 13) for large 
screen display. This mode is provided only in 
graphic 1 mode. 

Table 9 shows the mode selection method 
according to hardware configuration and 
screen format. Table 10 shows how they are 
specified. 







4or8 





Data 



Column Driver 



Single screen 



Data j£ — » Column Driver (Upper panel)"] 



LCD Upper Panel 



LCD Lower Panel 



Data - — y/ » [ column Driver (Lower panel) 



Dual screen 



Figure 22 Hardware Configuration According to Screen Format 
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Table 9 Mode Selection 



Hardware Configuration 



Screen Format 



LCD Data 
Transfer 



Screen 
Configu- 
ration 



Maximum 



Screen 
Size 



Character/ 
Graphic 



Normal/ 
Wide 



Attribute/ 
OR 



speed (Mbps) Mode No. 



4-bit 



Single 



Normal 



Character Normal 



AT 
OR 



Wide 



AT 
OR 



Graphic 1 



Graphic 2 



Dual 



Normal 



Character Normal 



AT 
OR 



Wide 



AT 
OR 



Graphic 1 



Graphic 2 



Large 



Graphic 1 



20 



10 



20 



20 



20 



10 



20 



20 



40 



13 



8-bit 



Single 



Normal 



Character Normal 



AT 
OR 



Wide 



AT 
OR 



Graphic 1 



Graphic 2 



20 



10 



20 



20 



10 



11 



12 



Note: Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the 
data transfer speed sent to the LCD driver in wide function is 20 Mbps. 
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Mode List 

Table 10 Mode List 

Pin Name 

— - — — Screen Graphic/ Data Wide 

No- Mode Name D/S G/C LS WIDE AT Confg. Character Transfer Djeptay Attribute 



1 


Dual-screen 


1 














Dual 


Character 


4-bit 


Normal 


OR 




character 


1 


o 


o 


o 


1 


screen 




x 2 




AT 


Z 


Dual-screen 


1 








1 











Wide 


OR 




wide character 


1 








1 


1 










AT 


Q 

o 


Dual-screen graphic 1 


1 


1 








1 




Graphic 




— 


— 


4 


Dual-screen graphic 2 


1 


1 





















c 
O 


Single-screen 





u 











bingie 


Character 


4-Dlt 


Normal 


On 




character 


U 


u 


u 


u 


i 
1 


screen 








AX 

Al 


O 


Single-screen 











1 











Wide 


On 




wide character 











1 


1 










AT 


7 


Single-screen 





1 








1 




Graphic 










graphic 1 






















8 


Single-screen 





1 























graphic 2 






















9 


8-bit character 








1 








Single 


Character 


8-bit 


Normal 


OR 












1 





1 


screen 








AT 


10 


8-bit wide 








1 


1 











Wide 


OR 




character 








1 


1 


1 










AT 


11 


8-bit graphic 1 





1 


1 





1 




Graphic 








12 


8-bit graphic 2 





1 


1 


















13 


Large screen 


1 


1 


1 





1 


Dual 




4-bit 




















screen 




x 2 







The LCTC display mode is determined by pins D/S (pin 55) , G/C (pin 58) , LS (pin 56) , WIDE (pin 54) , 
and AT (pin 57) . As for G/C, WIDE, and AT, the OR is taken between data bits 0, 2, and 3 of the mode 
register (R22) . The display mode can be controlled by either one of the external pins or the data bits of 
R22. 



Note: The above 5 pins have 32 status combinations (high and low) . Any combinations other than the 
above are prohibited, because they may cause malfunctions. If you set an prohibited combina- 
tion, set the right combination again. 
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Internal Registers 

The HD63645/HD64645/HD64646 has one 
address register and fourteen data registers. 
In order to select one out of fourteen data 
registers, the address of the data register to 
be selected must be written into the address 
register. The MPU can transfer data to/from 
the data register corresponding to the writ- 
ten address. 

To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, 
which are not necessary for an LCD are 
defined as invalid for the LCTC. 

Address Register (AR) 

AR register (figure 23) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 

Horizontal Total Characters Register 
(RO) 

RO register (figure 24) specifies a horizontal 
scanning period. The total number of hori- 
zontal characters less 1 must be programmed 
into this 8-bit register in character units. Nht 
indicates the horizontal scanning period in- 
cluding the period when the CPU occupies 
memory (total number of horizontal charac- 
ters minus the number of horizontal 
displayed characters). Its units are, then, 
converted from time into the number of 
characters. This value should be specified 
according to the specification of the LCD 
system to be used. 



Note the following restrictions 




Nhd + ^ Nht + 1 




Mode No. 


m 


5,9 


1 


1,6,7,8, 10, 11, 12, 13 


2 


2,3,4 


4 



Horizontal Displayed Characters Regis- 
ter (Rl) 

Rl register (figure 25) specifies the number of 
characters displayed per row. The horizontal 
character pitches are 8 bits for normal char- 
acter display and 16 dots for wide character 
display and graphic display. 

Nhd must be less than the total number of 
horizontal characters. 

Maximum Raster Address Register (R9) 

R9 register (figure 26) specifies the number 
of rasters per row in characters mode, consis- 
ting of 5 bits. The programmable range is (1 
raster /row) to 31 (32 rasters/row) . 

Cursor Start Raster Register (RIO) 

RIO register (figure 27) specifies the cursor 
start raster address and its blink mode. Refer 
to table 11. 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 







W 








Register address 



Figure 23 Address Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Character 


W 


Nht (Total characters - 1 ) 



Figure 24 Horizontal Total 

Characters Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Character 


W 


Nhd (Displayed characters) 



Figure 25 Horizontal Displayed 
Characters Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Raster 


W 








Nr 
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< 



> 



32- or 64-frame 



Cursor End Raster Register (Rll) 

Rll register (figure 28) specifies the cursor 
end raster address. 

Start Address Register (H/L)(R12/R13) 

R12/R13 register (figure 29) specifies a buffer 
memory read start address. Updating this 
register facilitates paging and scrolling. R14/ 
R15 register can be read and written to/from 
the MPU. 

Cursor Address Register (H/L) (R14/R15) 

R14/R15 register (figure 30) specifies a cursor 
display address. Cusor display requires set- 
ting RIO and Rll, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 



Horizontal Virtual Screen Width Regis- 
ter (R18) 

R18 register (figure 31) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num- 
ber of horizontal displayed characters. Up- 
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 

The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori- 
zontal displayed characters. 

Multiplexing Duty Ratio Register (H/L) 
(R19/R20) 

R19/R20 register (figure 32) specifies the 
number of vertical dots of the display screen. 
The programmed value differs according to 
the LCD screen configuration. 

In single screen configuration : 

(Programmed value) = (Number of vertical 
dots)- 1. 



Table 11 
B P 



Cursor Blink Mode 
Cursor blink mode 



Cursor on; without blinking 

1 Cursor off 

1 Blinking once every 32 frames 
1 1 Blinking once every 64 frames 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Raster 


W 




B 


P 


Ncs (Raster address) 



Figure 27 Cursor Start Raster Register 



Data Bit 


Program Unit 


R/W 


7 6 5 4 3 2 1 


Memory 
address 


R/W 


Memory address (H) (R12) 


Memory address (L) (R13) 



Figure 29 Start Address Register 



Data Bit 



6 5 



Memory address (H) (R14) 



Memory address (L) (R15) 



Program Unit 



Memory 
address 



R/W 



R/W 



Data Bit 



4 3 2 1 



Nee (Raster address) 



Program Unit 



Raster 



R/W 



W 



Figure 30 Cursor Address Register 



Figure 28 Cursor End Raster Register 
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In dual screen configuration : 

(Programmed value) = 

(Number of vertical dots) _ 1 
2 Lm 

Display Start Raster Register (R21) 

R21 register (figure 33) specifies the start 
raster of the character row displayed on the 
top of the screen. The programmed value 



should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 

Mode Register (R22) 

The Or of the data bits of R22 (figure 34) 
register and the external terminals of the 
same name determines a particular mode, 
(figure 35) 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Character 


W 


Nir (No. of chars, of virtual width) 



Figure 31 Horizontal Virtual Screen 
Width Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Raster 


W 








Raster address 



Figure 33 Display Start Raster Regis- 
ter 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





















(R19) 


Ndh* 


Raster 


W 


Ndl (Number of n 


asters 


-1MR20) 







* : Number of rasters 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 















ON/OFF 


G/C 


WIDE 


BLE 


AT 




W 



Figure 34 Mode Register 



Figure 32 Multiplexing Duty Ratio 
Register 
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AT 

(data bit 0) 



BLE 

(data bit 1) 



WIDE 
(data bit 2) 



G/C 

(data bit 3) 



ON/OFF 
(data bit 4) 



Mode Register 
(R22) 



A 6 6 6 



ON/OFF 
(Pin 53) 



G/C 
(Pin 58) 



WIDE 
(Pin 54) 



BLE 
(Pin 51) 



AT 
(Pin 57) 



Notes: 1. AT (valid only when G/C is low (character mode)) 

AT = High: Attribute functions enabled, OR function disabled. 
AT = Low : OR function enabled, attribute functions disabled. 

2. BLE (valid only when G/C is low (character mode)) 

BLE = High : Blinking enable on the character specified by attribute RAM 
BLE = Low : No blinking 

3. WIDE (valid only when G/C is low (character mode)) 
WIDE = High: Wide display enabled 

WIDE = Low: Normal display 

4. G/C 

G/C = High : Graphic 1 display (when AT = Low) or Graphic 2 display (when AT = High) 
G/C = Low : Character display 

5. ON/OFF 

ON/OFF = High: Display on state 
ON/OFF = Low : Display off state 



Figure 35 Correspondence between Mode Register and External Pins 
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Restrictions on Programming Internal 
Registers 

Note when programming that the values you 
can write into the internal registers are 
restricted as shown in Table 12. 



Table 12 Restrictions on Writing Values into the Internal Registers 

Function Restrictions Register 

Display Format 1 < Nhd < Nht + 1 £ 256 RO, R1 

Nhd + ^ * 1 ^ Nht + 1 
m * 1 

(No. of vertical dots) x (no. of horizontal dots) x R1 , R1 9, R20 

(frame frequency ;fFRM) ^ (data transfer speed; V) 

{3|}*2x(Nd+ DxNhdx { 1 8 6 }*3f F RM i V 



Nhd * Nir R1, R18 





sS Nd £ 511 


R19, 


R20 


Cursor Control 


£ Ncs 3 Nee 


R10, 


R11 




Nee £ Nr 


R10, 


R9 


Smooth Scroll 


Nsr & Nr 


R21, 


R9 


Memory Width Set 


£ Nir £255 


R18 





Notes' * 1 m varies according to the modes. See the following table. 



Mode No. m 


5,9 


1 


1,6,7,8,10,11,12,13 


2 


2,3,4 


4 



♦ 2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as 
shown in the following table. 



Mode No. 


Value 


5,6,7,8,9,10,11,12 


1 


1,2,3,4,13 


2 



* 3 Set 8 when a character is constructed with 8 dots, and set 1 6 when with 1 6 dots. Modes 
are classified as shown in the following table. 



Mode No. 


Value 


1,5,9 


8 


2,3,4,6,7,8,10,11,12,13 


16 
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Reset 

RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output terminals. 

Reset is defined as follows (Figure 36) : 

• At reset: the time when RES goes low 

• During reset: the period while RES 
remains low 

e Afte r reset: the period on and after the 
RES transition from low to high 

• Make sure to hold the reset signal low for 
at least 1 pis 

RES pin should be pulled high by users dur- 
ing operation. 

Reset State of Pins 

RES pin does not basically control output 
pins, and operates regardless of other input 
pins. 

1. Preserve states before reset: 

LU0-LU3, LD0-LD3, FLM, CL1, RA0-RA4 



2. Fixed at high level: 
MLCK 

3. Preserve states before reset or fixed at 
low level according to the timing when 
the reset signal is input: 

DISPTMG, CUDISP, MA0-MA15 

4. Fixed at high or low according to mode: 
CL2 

5. Unaffected: 
DBo-DB? 

Reset State of Registers 

RES pin does not affect register contents. 
Therefore, registers can be read or written 
even during a reset state; their contents will 
be preserved regardless of reset until they 
are rewritten to. 

Notes for HD63645/HD64645/HD64646 

1. The HD63645/HD64645/HD64646 are 
CMOS LSIs, and it should be noted that 
input pins must not be left disconnected, 
etc. 

2. At power-on, the state of internal regis- 
ters becomes undefined. The LSI opera- 
tion is undefined until all internal regis- 
ters have been programmed. 



RES 





1/cs min 



During reset 



V CC -0.5V 



After reset 



At reset 



Figure 36 Reset Definition 
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Absolute Maximum Ratings 






Item 


Symbol 


Value 


Note 


Supply voltage 


V CC 


-0.3 to +7.0V 


2 


Terminal voltage 


V in 


-0.3 to V CC +0.3 V 


2 


Operating temperature 


T"opr 


-20°C to +75°C 




Storage temperature 


Tstg 


-55°C to + 125°C 





Notes: 1 . Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0 V ±10%, GND = V, Ta 
= -20°C to +75°C). If these conditions are exceeded, it could affect reliability of LSI. 
2. With respect to ground (GND = V) 



Electrical Characteristics 

DC Characteristics (Vcc = 5.0 V ±10%, GND = 0V, T« = -20C to +75C, unless 
otherwise noted) 

Test 



Item 




Symbol 


Min Typ 


Max 


Unit 


Condition 


Input high voltage 


RES, MODE, 
SK1 


SK0,V| H 


Vcc-0.5 


Vcc+0.3 


V 






DCLK, ON/OFF 




2.2 


Vcc+0.3 


V 






All others 




2.0 


Vcc+0.3 


V 




Input low voltage 


All others 


V, L 


-0.3 


0.8 


V 




Output high voltage 


TTL interface 1 


V H 


2.4 




V 


Ioh= -400^A 




CMOS interface 1 




Vcc-0.8 




V 


Ioh=-400/<A 


Output low voltage 


TTL interface 


Vol 




0.4 


V 


Iol= 1 .6mA 




CMOS interface 






0.8 


V 


bL=400/<A 


Input leakage current 


All inputs except 
DB0-DB7 


Iil 


-2.5 


+2.5 


M 




Three state (off-state) 
leakage current 


DB0-DB7 


•tsl 


-10 


+ 10 


M 




Current dissipation 2 




Ice 




10 


mA 





Notes: 1. TTL Interface; MA0-MA15, RA0-RA4, DISPTMG, CUDISP, DB0-DB7, MCLK 
C-MOS Interface; LU0-LU3, LD0-LD3, CL1 , CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacitive loads of LU0-LU3 and LD0-LD3 exceed the rating, noise over 0.8 V may 
be produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LU0-LU3 and 
LD0-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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AC Characteristics 

CPU Interface (HD63645 68 family) 

(Vcc = 5.0 V ± 10%, GND = 0V,T. =-20°C to + 75 °C, unless otherwise noted) 



Item 


Symbol 


Min 


Tun 


Max 


Unit 


Enable cycle time 




500 






ns 


Enable pulse width (high) 


PWEH 


220 






ns 


FnaHIp hiiIqp vt/irith (Inw^ 




PwEL 


220 






ns 


Enable rise time 


tEr 






25 


ns 


Enable fall time 


t E f 






25 


ns 


CS, RS, R/W setup time 


tAS 


70 






ns 


CS, RS, R/W hold time 


tAH 


10 






ns 


DB0-DB7 setup time 


tos 


60 






ns 


DB0-DB7 hold time 


tDHW 


10 






ns 


DB0-DB7 output delay time 


tDDR 






150 


ns 


DB0-DB7 output hold time 


tDHR 


20 






ns 
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CPU Interface (HD64645 and HD64646 80 family) 

(Vcc = 5.0 V ± 10%, GND = 0V,T. =-20 C to + 75 C, unless otherwise noted) 
Item Symbol Min Typ Max Unit Figure 



RD high level width tWRDH 190 ns 38 



RD low level width 


tWRDL 


190 


ns 


WR high level width 


tWWRH 


190 


ns 


WR low level width 


tWWRL 


190 


ns 


CS, RS setup time 


tAS 





ns 


CS, RS hold time 


tAH 





ns 


DB0-DB7 setup time 


tDSW 


100 


ns 


DB0-DB7 hold time 


tDHW 





ns 


DB0-DB7 output delay time 


tDDR 




150 ns 


DB0-DB7 output hold time 


tDHR 


20 


ns 




Figure 38 CPU Interface (HD64645 and HD64646) 
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Memory Interface 

(Vcc = 5.0 V ± 10%, GND = V, T. =-20°C to + 75 °C, unless otherwise noted) 

Item Symbol Min Typ Max Unit Figure 

DCLK cycle time tcvco 1 00 — — ns 39 

DCLK high level width twoH 30 — — ns 

DCLK low level width tw DL 30 — — ns 

DCLK rise time tor _ _ 20 ns 

DCLK fall time t D f — — 20 ns 

MCLK delay time toMD — — 60 ns 

MCLK rise time tMr — — 30 ns 

MCLK fall time t M f — — 30 ns 

MA0-MA1 5 delay time tMAD — ~ 1 50 ns 

MA0-MA1 5 hold time tMAH 1 — — ns 

RA0-RA4 delay time tRAD ~ ~ 1 50 ns 

RA0-RA4 hold time tRAH 10 "~ ~ n s 

DISPTMG delay time t D TD — — 1 50 ns 

DISPTMG hold time t D ™ 10 — — ns 

CUDISP delay time tcDD — — 1 50 ns 

CUDISP hold time t C DH 10 — — ns 

CL1 delay time tcu d — — 1 50 ns 

CL1 hold time tcuH 10 — ~ ns 

CL1 rise time tcur ~ — 50 ns 

CL1 fall time tcuf ~ ~" 50 ns 

MD0-MD1 5 setup time tMDS 30 — — ns 

MD0-MD15 hold time t M DH 15 — — ns 
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tcYCD 



DCLK 



2.2\ 
0.8V^ 



MCLK 



MA0-MA15 



RA0-RA4 



DISPTMG 



CUDISP 



CL1 



MD0-MD15 
(input) 



2.4V 
0.4V 



/t[)f K tWDH *- 

f\f\f\f\f\J 



►tWDL* J 
tOMD 



\ 



\r2.4V 

y ^o.4v 



tRAD 



V2.4V 

PrOAV 



tDTD 



tCDD 



tMAO 



/2.4V 

0.4V 



V2.4V 
y ^0.4V 



•V CC -0.8V 
0.8V 



-tCL1r 

tcut 



J" 



tMDS 



1 



1C 



2.0V 
8V 



JC 

Dc 



tDTH 



tCDH 



tCL1H 



tMOH 



Figure 39 Memory Interface 
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AC Characteristics (Cont) 



LCD Interface 1 (HD63645 and HD64645) 

(Vcc = 5.0V ± 10%, GND = V, T. = -20C to + 75 °C) 






Item 


Symbol 


Min 


Typ 


Max 


Unit 


Display data setup time 


t|_DS 


50 


- 


_ 


ns 


Display data hold time 


tLDH 


100 


— 


— 


ns 


CL2 high level width 


t\A/CL2H 


100 




— 


ns 


CL2 low level width 


twCL2L 


100 




— 


ns 


FLM setup time 


tFS 


500 






ns 


FLM hold time 


tpH 


300 






ns 


CL1 rise time 


tCL1r 






50 


ns 


CM fall time 


tCL1f 






50 


ns 


CL2 rise time 


tCL2r 






50 


ns 


CL2 fall time 


tCL2f 






50 


ns 



Note: At fCL2 = 3 MHz 



LU0-LU3 
LD0-LD3 



CL2 



• V CC -0.8V 
-0.8V 



J 
J 



twCL2L 



V CC -0.8V 
0.8V 



X 



-tLDS- 



twCL2H 



X 



tLDH 



tCL2f 



CL1 



FLM 



tcUr 



V&-0.8V 
0.8V 



tFS 



tFH 



tcuf 



V CC -0.8V 
0.8V 



Figure 40 LCD Interface 
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AC Characteristics (Cont) 

LCD Interface 2 (HD64646 at f C L2 = 3 MHz) 

(Vcc = 5.0V ± 10%, GND = 0V, T. =-20 °C to + 75 °C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


FLM stetup time 


tFs 


500 


- 


- 


ns 


FLM hold time 


tFH 


300 


- 


- 


ns 


M delay time 


tDM 


- 


- 


200 


ns 


CL1 high level width 


tCL1 H 


300 


- 


- 


ns 


Clock setup time 


tSCL 


500 


- 


- 


ns 


Clock hold time 


tHCL 


100 


- 


- 


ns 


Phase difference 1 


tpD1 


100 


_ 


- 


ns 


Phase difference 2 


tpD2 


500 






ns 


CL2 high level width 


tCL2H 


100 






ns 


CL2 low level width 


tCL2L 


100 






ns 


CL2 rise time 


tCL2r 






50 


ns 


CL2 fall time 


tCL2f 






50 


ns 


Display data setup time 


tLDS 


80 






ns 


Display data hold time 


tLDH 


100 






ns 


Display data delay time 


tLDD 






30 


ns 



LCD Interface 3 (HD64646 at f C L2 = 5 MHz) 

(Vcc = 5.0V ± 10%, GND = V, T. =-20°C to + 75 °C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit I 


FLM setup time 


tFs 


500 






ns 


FLM hold time 


tFH 


500 






ns 


M delay time 


tDM 






200 


ns 


CL1 high level width 


tCL1H 


300 






ns 


Clock setup time 


tSCL 


500 






ns 


Clock hold time 


tHCL 


100 






ns 


Phase difference 1 


tpD1 


70 






ns 


Phase difference 2 


tpD2 


500 






ns 


CL2 high level width 


tcL2H 


50 






ns 


CL2 low level width 


tCL2L 


50 






ns 


CL2 rise time 


tCL2r 






50 


ns 


CL2 fall time 


tCL2f 






50 


ns 


Display data setup time 


tLDS 


30 






ns 


Display data hold time 


tLDH 


30 






ns 


Display data delay time 


tLDD 






30 


ns 
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FLM 



CL1 



f 



f 



-t F s — 
V CC -0.8V 
0.8 



^rV C c-0.8V 
V0.8V 



Vtv C c-0.8V 
/<08V__ 



CL1 



CL2 



tLDDH 



LU0-LU4 ■ 
LD0-LD4 • 



"\ / tLDs^K 1 



"tcLIH" 



3 L V C c-0.8V 3 r 
/ 0.8V \ 



-t S CL— 
— t P D2- 



■^•tHCL H 



tcL2f . 



_*CL2r 



*LDH 



tcL2L 



tcL2H 



=™vv y 

Q8V -A A_ 



Figure 41 LCD Interface 
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AC Characteristics 
TTL Load 

Terminal R L R C Remarks 

DB0-DB7 2.4 kfi 11 kfl 130pF tr, tf: Not specified 

MAO- MA 1 5, RA0-RA4, DISPTMG, CUDISP 2.4 kQ 1 1 kQ 40 pF 

MCLK 2.4 kQ 1 1 kQ 30 pF tr, tf: Specified 




All diodes: 1S2074® 



Capacitive Load 

Terminal C Remarks 

CL2 150pF tr, tf: Specified 

CL1 200 pF 

LU0-LU3, LD0-LD3, M 150pF tr, tf : Not specified 

FLM 50 pF 




Refer to user's manual (No. 68-1-160) and application note (No. ADE-502-003) for detail of this 
product. 
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HD66503 

(240-Channel Row Driver with Internal 
LCD Timing Circuit) 

— Preliminary- 



Description 

The HD66503 is a row driver for liquid 
crystal dot-matrix graphic display systems. 
This device incorporates 240 liquid crystal 
driver and an oscillator, and generates 
timing signals (AC switching signals and 
frame synchronizing signals) required for 
the liquid crystal display. Combined with 
the HD66520, a 160-channel column driver 
with an internal RAM, the HD66503 is 
optimal for use in displays for portable 
information tools. 



Features 

• LCD timing generator: 1/120, 1/240 duty 
cycle internal generator/external input 
switching 

• AC signal waveform generator: Pin 
programmable 1-63 line inversion 

• Recommended display duty cycle: 
1/120, 1/240 

• Number of LCD driver: 240 

• High voltage: 8-V to 28-V LCD drive 
voltage 

• Low power consumption: 100 |xA 
(during display) 

• Internal display off function 

• Oscillator circuit with standby function: 
130 kHz (max) 

• Display timing operation clock: 65 kHz 
(max) (operating at 1/2 system clock) 
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Internal Block Diagram 



X1-X240 




RESET 6- 



Input direction control and bidirectional shift register 



LCD timing 
generator 



CUM 



CR oscillator 



AC switcing signal 
generator 



MS switcher 



MWO 

dock* 



MWS5J 
to 

MWSOS 



Display off 
controller 



Test signal generator 



6-6- 



CL1 FLM M rjoc 



MS DUTY MWS5 MEOR DKpgSHL 
-MWSO 



1. LCD driver 

Selects one of four LCD drive voltage levels 
(VI, V2, V5, and V6) depending on a 
combination of shift register data and the 
value of M, the AC switching signal, and 
transfers that voltage to the output circuit. 

2. Level shifter 

Boosts 5-V signals to high voltage signals 
for the LCD drive. 



3. Bidirectional shift register (240 bits) 

Shifts internally generated data or data 
input from the FLM pin at each falling edge 
of the data transfer clock CL1. Shift direction 
can be switched using SHL signals. 
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Pin Description 

Number 



Classification 


Symbol 


Pin No. 


Pin Name 


I/O 


of Pins 


Functions 


Power supply 


V CCV 
V CC2 


246 
267 


v ccv 

V CC2 


Power supply 


2 


Vcc-GND: 

logic power supply 




GND 


250 


GND 


Power supply 


1 






V EE L, 
V EE R 


245 
268 


LCD drive 
level power 
supply 


Power supply 


2 


V CC" V EE : LCD 
drive circuits 
power supply 




V1L, V1R 


244 
269 


LCD select 
high-level 
voltage 


Input 


2 


LCD drive level 
power supply 
See figure 1. 




V2L, V2R 


241 
272 


LCD select 

low-level 

voltage 


Input 


2 






V5L, V5R 


242 
271 


LCD deselect 

low-level 

voltage 


Input 


2 






V6L, V6R 


243 
270 


LCD deselect 

high-level 

voltage 


Input 


2 




Control signals 


M/S 


266 


Master/slave 
switching 


Input 


1 


Control signal 
enabling/disabling 
LCD timing 
generator operation. 
Timing generator 
halts at low level. 
Timing generator 
operates at high 
level. (Refer to Pin 
Functions for details.) 




DUTY 


259 


Display duty 
ratio select 


Input 


1 


Low level: 1/120 
display duty ratio 

uii/tkt IawaI* 1/ovin 
nign level. i/z4U 

display duty ratio 




MWS to 
MWS 5 


257 
256 
255 

OKA 

£.0** 

253 
252 


AC switching 
signal cycle 
select 


Input 


6 


Sets cycle for AC 
switching signal M 
in a line unit (1 to 
Do;, i ne term u is 
for external input. 
(Refer to Pin 
Functions for 
details.) 




MEOR 


258 


AC switching 
signal EOR 


Input 


1 


Selects EOR 
processing for 
frame inversion 
waveform and AC 
signal M. 




CR, C, R 


247 
248 
249 


Oscillator 




3 


These pins are 
used as shown in 
figure 2 in master 



mode, and as 
shown in figure 3 
in slave mode. 
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Pin Description (Cont'd.) 

Number 

Classification Symbol Pin No. Pin Name I/O of Pins Functions 

Control signals RESET 261 Reset Input 1 Stops oscillator 

circuits, initializes 
internal counter, 
and switches 
display off. (Refer 
to Pin Functions 
for details.) 

LCD timing CL1 263 Display data I/O 1 Display-data 

transfer transfer clock I/O 

pin. (Refer to Pin 
Functions for 
details.) 



FLM 


264 


First line 

marlfPr 


I/O 


1 


First line marker 
I/O Din (Refer 
to Pin Functions 
for details.) 


M 


262 


AC switching 
signal 


I/O 


1 


AC control I/O 
pin for LCD drive 
output. 


SHL 


251 


Shift direction 
select 


Input 


1 


FLM -> X1 -> X240 
at low, and FLM -> 
X240 -> X1 at high. 


DISPOFF 


260 


Display off 
signal 


Output 


1 


Fixes LCD drive 
output to select 
high level. When 
low level, LCD 
drive outputs X1 
to X240 are set to 
V1,the LCD select 
high level. Display 
can be turned off 
by setting a segment 
driver to level V1. 


DOC 


265 


Display off 

control 

signal 


I/O 


1 


Inputs and outputs 
a display-off control 
signal in response 



to the DISPOFF 
signal and oscillator 
startup sequence. 
(Refer to Pin 
Functions for details. 



LCD drive output 



X1 to 
X240 



240 
1 



LCD drive 
output 



Output 



240 



Selects one from 
among four levels 
(V1,V2, V5,and V6) 
depending on the 
combination of M 
signal and display 
data. See figure 4. 



Note: 30 input/outputs (excluding driver block) 
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Figure 1 LCD Drive Levels 













1 

■VWjRl 


External clock - 


Open Open 

"III, 


| CR R C | | 


CR R C 


Internal oscillation 


External clock 



Figure 2 Oscillator Connection in Master Mode 



vcc 


Open 

1 


Open 


CR 


R 





Figure 3 Oscillator Connection in Slave Mode 



M signal | 1 1 
Display data Pi LlLJ~~i 1 
Output level K V2 >|< V6 > 1 < V1 >K V5 ; 



Figure 4 LCD Drive Output 



HITACHI 



983 



HD66503 



Pin Functions 

M/S (Input): Starts and stops the LCD 
timing generator. Also determines I/O of 
the following four signal pins: CL1 (display 
data transfer clock), FLM (firs t line marker), 
M (AC switching signal), and DOC (display 
off control), depending on whether the LCD 
timing generator is operating or not. See 
table 1. 

MWSO to MWS5, MEOR (Input): AC 

switching signal M, in synchronization 
with CL1, is generated according to the 
value (an integer 1 to 63) selected by 6-bit 
MWSO to MWS5, where MWSO takes the 
LSB and MWS5 takes the MSB. 

When the AC switching signal EOR 
(MEOR) is high, M is exclusively ORed with 
the B -waveform AC signal synchronized 
with the first line marker (FLM) before 
being output from the M pin. 



When the MWSO to MWS5 bits are all set 
to (low), the AC switching signal (M) pin 
goes into the input state, and becomes the 
input pin for AC signals from an external 
controller. 



RESET (Input): The following ini tializatio n 
operations are performed when RESET is 
low: 

1. Stops internal oscillator or external 
oscillator clock input. 

2. Initializes counters for the LCD timing 
generator and the AC switching signal 
(M) generator. 

3. Switches off the display by driving 
display-off control output (DOC) low. 
After reset release, the display off 
control (DOC) is held low for four frame 
cycles (four FLM clock cycles) to prevent 
erroneous display during startup. 



Table 1 M/S Function 

M/S Mode LCD Timing Generator CL1, FLM, M, and DOC I/O State 

Low Slave Stop Input 

High Master 1/120 or 1/240 duty cycle control Output 
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DOC (Input/Output): Outputs the AND of 
the display-off control status after reset 
r elease a nd the display-off signal 
(DISPOFF) in mast er mode. The pin is 
connected to the DISPOFF pin of the 
HD66520, which is normally paired with 
the HD66503. The pin inputs an external 
display-off control signal from the outside 
in slave mode. 

CL1 (Input/Output): In master mode, CL1 
outputs a 50% duty-ratio data-transfer 
clock with double cycles of an internal 
oscillator or external clock input cycles. 

In slave mode, CL1 operates as the input 
pin for the external data-transfer clock. 

In bidirectional shift-register timing, data is 
shifted at the rising edge of CL1 in 
accordance with the specifications of the 
HD66520 with built-in RAM when used in a 
paired configuration. As this is the 
opposite of the standard common driver 
arrangement, the transfer clock must be in 
an inverse phase when paired with 
general-purpose column drivers such as 
HD66240 and HD66224T. 



FLM (Input/Output): In master mode, 
FLM outputs the first line marker. In slave 
mode, FLM inputs the first line marker. The 
shift direction of the FLM can be selected 
according to the DUTY and SHL signals, as 
shown in table 2. 

In slave mode, use the DUTY signal at high 
level in normal. 



Table 2 Selection of FLM Shift 
Direction 



DUTY 


SHL 


Shift Direction of FLM 


High 


High 


X240 to X1 




Low 


X1 to X240 


Low 


High 


X120 to XI, and X240 to X121 




Low 


X1 to X120, and X121 to X240 



DUTY (Input): Selects display duty cycle. 
The pin selects a 1/120 duty cycle at low 
level, and a 1/240 duty cycle at high level. 
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Liquid Crystal Display Timing 
Timing Generator 

CL1 is a 50% duty-ratio clock that changes 
at the falling edge of oscillator clock OSC1. 
FLM is a clock signal output once every 240 
CL1 clock cycles at the rising edge of CR 
when the DUTY signal is high, and every 
120 CL1 clock cycles at the rising edge of 
CR when the DUTY signal is low. 



Reset State 

The reset state fixes all clocks at low and 
clears the internal counter to 0. After reset 
release, the display-off function continues 
for four frame cycles even when the DISP 
pin is high. 



OSC1 \ / \ / \_J 




CL1 \ / 240 \ 


/ 1 ! \ / 2 \ 


(120) / ^ 

FLM . r. V 



Figure 5 LCD Timing Signals 



RESET | 

fum lj lJ 3 n 4 1 5 n 6 n 



DOC | 

0T3FUFF = high 



Figure 6 Reset Timing 
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Example of System Configuration 

Figure 7 shows a system configuration for 
a 240 x 320-dot LCD panel using segment 
driver HD66520 with internal bit-map RAM. 
All required functions can be prepared for 
liquid crystal display with just three chips 
except for liquid crystal display power 
supply circuit functions. 
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MEOR,MWS0~5 



Power supply circuit 



Figure 7 System Configuration 
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Absolute Maximum Ratings 



Item 




Symbol 


Ratings 


Unit 


Notes 


ruvYci vuiiayc 


1 r»nip r*irr*iiit 


V CC 


-0 ? tn +7 


y 


2 




LCD drive circuit 


vee 


Vcc - 300 10 

Vrr +0.3 


V 


5 


Input voltage 




v-n 


-0.3 to V C c +0.3 


V 


2,3 


Input voltage 




v T2 


V EE -0.3 to 

v C c +0 - 3 


V 


4,5 


Operating 
temperature 




T opr 


-20 to +75 


°C 




Storage 
temperature 




T stg 


-40 to +125 


°C 





Notes: 1. If the LSI is used beyond its absolute maximum rating, it may be permanently damaged. It should 
always be used within the limits of its electrical characteristics in order to prevent malfunction or 
unreliability. 



2. Measured relative to GND (0 V). 

3. Applies to all input pins except for V 1R , \f2L> V 2R' v 5|_/ V 5R , VgL, and V 6R , and to input/output 
pins in high-impedance state. 

4. Applies to pins L , V<| R , V 2 |_, V 2 r, V 5L , V 5R , V 6L , and V 6R . 

5. Apply the same voltage to pairs V<| |_ and V-j p, v*2i_ and v*2r, V5L and V5R, Vg[_ and VgR, and 
V EEL and V EER . 

It is important to preserve the relationships Vcc ^ V||_ = V-j R ^ Vg|_ = VgR ^ V5L = V5R ^ V2L = 
V 2R »V EE . 
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Electrical Characteristics 

DC Characteristics (V cc = 2.7 V to 5.5 V, V EE = 8 V to 28 V, GND = V, 
T a = -20°C to +75°C) 

Measurement 



Item 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Notes 


Input high 
level voltage 


V|H 




0.8 

v C c 




v C c 


V 


1 


Input low 
level voltage 


V| L 









0.2 

v C c 


V 


1 


Output high 
level voltage 


V H 


Iqh = -0- 4 rnA 


v C c 

-0.4 


— z 




V 




Output low 
level voltage 


vol 


Iql = + - 4 mA 






0.4 


V 


2 


Driver "on" 
resistance 


R ON 


V CC- V EE = 28V, 
load current: ±150 uA 


- — 


— 


2.0 


kn 


7 


Input leakage 
current (1) 


■lL1 


V )N = to V cc 


-1.0 


— 


1.0 


|xA 


1 


Input leakage 
current (2) 


'lL2 


V, N = V EE to V CC 


-25 


— 


25 


(xA 


3 


Operating 
frequency (1) 


*opr1 


Master mode (external 
clock operation) 


10 




200 


kHz 


4 


Operating 
frequency (2) 


f opr2 


Slave mode 
(shift register) 


0.5 





500 


kHz 




Oscillation 
frequency (1) 


f OSC1 


Cf=100pf ±5% 
Rf=47kn±2% 


70 


100 


130 


kHz 


5 


Oscillation 
frequency (2) 


f OSC2 


Cf = 220 pf ±5%, 
Rf = 51 kO ±2% 


21 


30 


39 


kHz 


5 


Power 

consumption (1) 


'GND1 


Master mode 

1/240 duty cycle, 

Cf = 220 pF, Rf = 51 ka 






80 


|xA 


6 


Power 

consumption (2) 


'GND2 


Master mode 
1/240 duty cycle 
external clock 
f opr2 - 30 kHz 






10 


|xA 


6 


Power 

consumption (3) 


'GND3 


Slave mode 
1/240 duty cycle 
during operation 






10 


|xA 


6 


Power 

consumption 


"EE 


Master mode 
1/240 duty cycle, 
Cf=220 pF, Rf = 51 kH 






20 


|xA 


6 
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Notes: 1. Applies to input pins TEST, MEOR, MWSO to MWS5 , DUTY, SHL, DISP, MS, RESET, and OSC1, and 
when inputting to input/output pins CL1, FLM, DOC, and M. 

2. Applies when outputting from input/output pins CL1, FLM DOC, and M. 

3. Applies to V1 UV1 R, V2L7V2R, V5L/V5R, and V61/V6R. X1 to X240 are open. 

4. Figure 5 shows the external clock specifications. 



\ fli 



Duty - 



TH 



TH + TL 



1 00% 



External _ 
clock 



OPEN OPEN 



0SC1 C OSC2 





Min. 


Typ. 


Max. 


Unit 


Duty 


45 


50 


55 


% 


trcp 






50 


ns 


tfcp 






50 


ns 



Figure 8 External Clock 



5. Connect resistance Rf and capacitance Cf as follows: 




Figure 9 liming Components 



Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, Vj^ and Vj|_ must be held to Wqq and 
GND levels, respectively. 

Indicates the resistance between one pin from X1 to X240 and another pin from the V pins V1L7V1R, 
V2L/V2R, V5L/V5R, and V6L/V6R, when a load current is applied to the X pin; defined under the 
following conditions: 

V CC -V EE = 28V 

V1L/V1R, V6L7V6R = V cc - 1/10 (V cc - V EE ) 
V5L/V5R, V217V2R = V EE + 1/10 (V cc - V EE ) 

V1L/V1R and V6L/V6R should be near the V cc level, and V5L7V5R and V2L/V2R should be near the 
V EE level. All these voltage pairs should be separated by less than AV, which is the range within 
which Ron* tne LCD drive circuits' output impedance, is stable. Note that AV depends on power 
supply voltages V^c - V EE . See figure 7. 
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vcc 




Figure 10 Relationship between Driver Output Waveform 

and Level Voltages 
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AC Characteristics (V CG = 2.7 V to 5.5 V, V EE = 8 V to 28 V, GND = V, T a = 
-20°C to +75°C) 

Slave Mode (M/S = GND) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


CL1 high-level width 


tCWH 


500 






ns 




CL1 low-level width 


x ONL 


500 






ns 




FLM setup time 


tFS 


100 






ns 




FLM hold time 


r FH 


100 






ns 




CL1 rise time 








50 


ns 




CL1 fall line 


tf 






50 


ns 





Note: 1 . Based on the load circuit shown in figure 8. 



Output pin 1 

it: 30 pF (including probe capaofance) 



CL1 



FLM 




f < cwh > ^, < cwt > / 



0.8 Vcc 
2 Vcc 



V 



Figure 11 Slave Mode Timing 
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Master Mode (M/S 


= v cc , Cf = 


100 pF, Rf = 


47 kd) 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


FLM delay time 


*DFLM 






500 


ns 




M delay time 


UIVI 






500 


ns 




CL1 high-level width 


tCWH 


5 


— 




flS 




CL1 low-level width 


tCWL 


5 


— 


— 


jxs 




Master Mode (M/S 


= v cc , Cf = 


220 pF, Rf = 


51 Ml) 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


FLM delay time 


X DFLM 






500 


ns 




M delay time 


X DM 






500 


ns 




CL1 high-level width 


l CWH 


20 






(xs 




CL1 low-level width 


tCWL 


20 












Figure 12 Master Mode Timing 
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Pin Arrangement 



272 L 



32 
3$ 
J4 
35 
3& 
37 
3 8 

39 

mo 



231 
232 
233 
234 
235 
236 
237 
238 
239 
240 



267 C 



264 C 



255 L 
254 C 



244 L_ 
243 CI 



242 L 
241 C 



Top view (not a TCP view) 
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HD66520 

(160-Channel 4-Level Grayscale Display 
Column Driver with Internal Bit-Map RAM) 

— Preliminary- 



Description 

The HD66520 is a column driver for liquid 
crystal dot-matrix graphic display systems. 
This LSI incorporates 160 liquid crystal drive 
circuits and a 160 x 240 x 2-bit bit-map 
RAM, which is suitable for LCDs in portable 
information devices. It also includes a 
general-purpose SRAM interface so that 
draw access can be easily implemented 
from a general-purpose CPU. The on-chip 
display RAM greatly decreases power 
consumption compared to previous liquid 
crystal display systems. The chip also 
incorporates a four-level grayscale controller 
for enhanced graphics capabilities, such as 
icons on a screen. 



Features 

• Duty cycle: 1/64 to 1/240 

• Liquid crystal drive circuits: 160 

• High voltage: 8 to 28-V liquid crystal 
drive voltage 

• Grayscale display: FRC Four-level 
grayscale display 

• Grayscale memory management: 
Packed pixel 

• Internal bit-map display RAM: 76800 
bits (160 X 240 lines X two planes) 

• Access time: 80 ns 

• Low power consumption: 
— 100 |xA during display 

— 20 mA during RAM access (RAM 
access time 250 ns) 

• On-chip memory management function 

• Refresh unnecessary 

• Internal display off function 
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Pin Description 

Number 



Classification 


Symbol 


Pin No. Pin Name 


I/O 


of Pins 


Function 


Power supply 


V CC1 
V CC2 


v C c 
v C c 




1 
1 


V CC -GND: 

logic power supply 




GND 


GND 


Input 


1 






V EE 2 


LCD drive 
circuit power 
supply 


Input 


1 


V C(r V EE : LCD 
drive circuit 
power supply 




V1L,V1R 


LCD select 
high-level 
voltage 


Input 


2 


LCD drive level 
power supplies 
See figure 1. 




V2L, V2R 


LCD select 

low-level 

voltage 


Input 


2 






V3L, V3R 


LCD deselect 

high-level 

voltage 


Input 


2 






V4L, V4R 


LCD deselect 

low-level 

voltage 


Input 


2 




Control signals 


LSO, LS1 


LSI ID select 
switch pin 
and 1 


Input 


2 


Pins for setting LSI 
ID no. (refer to 
Pin Functions for 
details). 




SHL 


Shift direction 
control signal 


Input 


1 


Reverses the 
relationship 
between LCD drive 
output pins Y and 
addresses. 




FLM 


First line 
marker 


Input 


1 


First line select 
signal 




CL1 


Data transfer 
clock 


Input 


1 


Clock signal to 
transfer the line 
data to an LCD 
display driver 
block. 




M 


AC switching 
signal 


Input 


1 


Switching signal 
to convert LCD 
drive output to AC 




DISPOFF 


Display off 
signal 


Input 


1 


Control signal to fix 
LCD driver outputs 
to LCD select high 
level. When low, 
LCD drive outputs 
Y1 toY160 set to 
V1, or LCD select 
High level. Display 
can be turned off by 
setting a common 
driver to V1. 




TEST 


Test pin 


Input 


1 


LSI test pin (refer 



to Pin Functions 

for details). 
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Pin Description (Cont'd.) 

Classification Symbol Pin No. Pin Name I/O 



Number 
of Pins 



Functions 



Bus interface 



A0toA15 



Address 
Input 



Input 



16 



DBO to DB7 



Data input/ I/O 
output 



CS 



Chip select Input 
signal 



WE 



Write signal Input 



OE 



Output enable Input 
signal 



Upper 9 bits 
(A15-A7)are used 
for the duty- 
directional 
addresses, and 
lower 7 bits (A6-A0) 
for the output-pin 
directional 
addresses (refer to 
Pin Functions for 
details). 



Packed-pixel 2-bit/ 
pixel display data 
transfer (refer to 
Pin Functions for 
details.) 



LSI select signal 
during draw access 
(refer to Pin 
Functions for 
details.) 



Write-enable 
signal during draw 
access (refer to Pin 
Functions for 
details). 



Output-enable 
signal during draw 
access (refer to Pin 
Functions for 
details). 



LCD drive output Y1 to 
Y160 



LCD drive Output 160 
output 



Each Y outputs 
one of the four 
voltage levels V1, 
V2, V3, or V4, 
depending on the 
combination of the 
M signal and data 
levels. 



Note: The number of input outer leads: 47 




Figure 1 LCD Drive Levels 
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Pin Functions 
• Control Signals 

LSO and LSI (Input): The LS pins can 
assign four (0 to 3) ID numbers to four LSIs, 
thus making it possible to connect a 
maximum of four HD66520s sharing the 
same CS pin to the same bus. 

Various memory maps can be configured 
by combining the LS pins with the SHL pin. 

SHL (Input): This pin reverses the 
relationship between LCD drive output 
pins Y and addresses. When the pin is low, 
output pins Yl to Y160 correspond to the 
direction from start data to end data in the 
display lines, and when the pin is high, 
from end data to start data. 

FLM (Input): When the pin is high, it resets 
the display line counter, returns the display 
line to the start line, and synchronizes 
common signals with frame timing. 



CL1 (Input): At each rising edge of data 
transfer clock pulses input to this pin, the 
latch circuits latch horizontal-line RAM 
data and transfers it to the liquid crystal 
display driver section. 

M (Input): AC voltage needs to be applied 
to liquid crystals to prevent deterioration 
due to DC voltage application. The M pin is 
a switch signal for liquid crystal drive 
voltage and determines the AC cycle. 



DISPOFF (Input): A control signal to fix 
liquid crystal driver output to liquid crystal 
select high level. When this pin is low, 
liquid crystal drive outputs Yl to Y160 are 
set to liquid crystal select high level VI. If 
Y pins of the paired common driver are also 
set to VI le vel, the display can be deleted. 
When DISP becomes high, display returns 
to normal state. 

TEST (Input): An LSI test pin. Use GND 
level for normal operations. 
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• Bus Interface 

CS (Input): A basic signal of the RAM area. 
When CS is low (active), the system can 
access the on-chip RAM of the LSI whose 
address space, set by LSO, LSI, and SHL 
pins, contains the input address. When CS 
is high, RAM is in standby. 

AO to A15 (Input): A bus to transfer 
addresses during RAM access. Upper nine 
bits (A15 to A7) are duty-direction 
addresses, and lower seven bits (A6 to AO) 
are output pin direction addresses. 

WE (Input): WE, an active low signal, is 
used to write display data to the RAM. Only 
the LSI whose address space, set by pins 
LSO, LSI, and SHL, contains the input 
address can be written to when CS is low. 



OE (Input): OE, an active low signal, is 
used to read display data from the RAM. 
Only the LSI whose address space, set by 
pins LSO, LSI, and SHL, contains the input 
address can be read from when CS is low. 

DBO to DB7 (Input/Output): The pins 
function as data input/output pins. They 
can accommodate to a data format with 2 
bits/pixel, which implement packed-pixel 
four-level grayscale display. 
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Block Diagram 



SHL. 
LS1.LS0 1 

A16-A0 ; 
DB7-DB0< 



FLM 



CS ■ 
WE - 
OE- 



CL1 



M 

V4L, V3L . 
V2L, V1L 



Address 
J management 
circuit 



Bidirectional^— ^ 



1 buffer V7 



Scan 
counter 



— s 



Timing 
control 
circuit 



Data line decoder 



i / O selector 
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Figure 2 Block Diagram 



Address management circuit: Converts 
the addresses input via A15-A0 from the 
system to the addresses for a memory map 
of the on-chip RAM. When several LSIs 
(HD66520s) are used, only the LSI whose 
address space, set by pins LSO, LSI, and 
SHL, contains the input address accepts 
the access from the system and enables 
the inside. The address management 
circuit enables configuration of the LCD 
display system with memory addresses not 
affected by the connection direction, and 
reduces burdens of software and hardware 
in the system. 



Tuning control circuit: Inputs signals FLM 
and CL1 for refresh operation to transfer the 
line data to the LCD drive circuit and signals 
CS, WE, and OE for display data access 
(draw operation) of the on-chip RAM by the 
system, while arbitrating refresh and draw 
operations. This circuit enables the system 
to access the display data of the on-chip 
RAM independent of refresh operation. 
Moveover, this circuit generates a timing 
signal for the FRC control circuit to 
implement four-level grayscale display. 
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Scan counter: Operates refresh functions. 
When FLM is high, the counter clears the 
count value and generates an address to 
select the first line in the RAM section. The 
counter increments its value whenever CL1 
is valid and generates an address to select 
subsequent lines in the RAM section. 

Bidirectional buffer: Controls the transfer 
directio n of the display data according to 
signals WE and OE in draw operation from 
the system 

Word line decoder: Decodes input 
addresses and selects a one of 240 lines in 
the RAM section, and activates one-line 
memory cells in the RAM section. 

Data line decoder: Decodes input 
addresses and selects data line in the RAM 
section for the 8-bit memory cells in one- 
line memory cells activated by the word 
line decoder. 

I/O selector: Reads and writes 8-bit 
display data for the memory cells in the 
RAM section. 



RAM: 160 X 240 X 2-bit memory cell array. 
Since the memory is static, display data 
can be held without refresh operation 
during power supply. 

FRC circuit: Implements FRC (frame rate 
control) function for four-level grayscale 
display. For details, refer to Half Tone 
Display. 

Data latch circuit (1): Latches 160-pixel 
grayscale display data processed by the 
FRC control circuit after being read from 
the RAM section by refresh operation. 

Data latch circuit (2): Latches 160-pixel 
grayscale display data synchronously with 
CL1. 

LCD drive circuit: Selects one of LCD 
select/deselect power levels V4R to VI R 
and V4L to VI L according to the grayscale 
display data, AC signal M, and display-off 
signal DISPOFF. The circuit is configured 
with 160 circuits each generating LCD 
voltage to turn on/off the display. 
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Driver Layout and Address 
Management 

The Y lines on a liquid crystal panel and 
memory data in a driver are inverted 
horizontally depending on the connection 
direction of the liquid crystal panel and the 
driver. When several drivers are connected, 
address management is needed for each 
driver. Although reinverted bit-map 
plotting or address management by the CS 
pin in each driver are possible by using 
special write addressing, the load on the 



software is significantly increased. To 
avoid this, the HD66520 provides memory 
addresses independent of connection 
direction, but responds to the setting of 
pins LSO, LSI, and SHL. 

How to Use the SHL Pin: It is possible to 
invert the relationship between the 
addresses and output pins Yl to Y160 by 
setting the SHL pin. If the HD66520 is 
placed on any side of the LCD panel, the 
upper left section on the screen can be 
assigned to address H0000. 
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Figure 3 Address Assignment and SHL Pin Setting 



How to Use the LSI and LS0 pins 

The memory map of the HD66520 can be 
most efficiently used in three display sizes: 
a 240-dot-wide by 160-dot-long display; a 
320-dot-wide by 240-dot-long display; and 



a 480-dot-wide by 320-dot-long display, all 
of them are standard sizes for portable 
information devices. 

Therefore, up to four HD66520s can be 
connected to the same bus or with the CS pin. 
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LSIs can be mapped as shown in figure 4 
by assigning ID numbers to 3 to each 
HD66520 by using pins LSO and LSI. 
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Figure 4 LSO and LSI Pin Setting and Internal Memory Map (SHL = Low) 



HITACHI 



1005 



HD66520 



f-2 9 



18 



o 


00A6I 


0126 








o 


1 


<M 

o 



5 23 



> 



s 



s 



i 1 1 
i 1 1 
i 1 1 

dj 



8 



8 



fO CO 




ii 



o 


r- 


(0 LCD panel >. 


>" 




ID No. 


ID No. 1 


LSO - tow 


LSO - low 


LS1 - tow 


LS1 - high 


SHL-high 


SHL-high 

O 




<0 


7" Scan direction T" 






i => 


=} p 


ID No. 2 


ID No. 3 


LSO - high 


LSO - high 


LS1«low 


LS1 - high 


SHL-high 


SHL-high 




to 


> 


Y- 
> 



480 lines 



oo o> © 




= a: 



3S3 



Figure 5 LSO and LSI Pin Setting and Internal Memory Map (SHL = High) 



Table 1 Pin Setting and Memory Map 



SHL 


LS1 


LSO 


ID No. 


Memory Map 


Low 


Low 


Low 





LSIs placed on the top of the LCD panel 


Low 


Low 


High 


1 


LSIs placed on the bottom of the LCD panel 


Low 


High 


Low 


2 


LSIs placed on the top of the LCD panel 


Low 


High 


High 


3 


LSIs placed on the bottom of the LCD panel 


High 


Low 


Low 





LSIs placed on the left of the LCD panel 


High 


Low 


High 


1 


LSIs placed on the right of the LCD panel 


High 


High 


Low 


2 


LSIs placed on the left of the LCD panel 


High 


High 


High 


3 


LSIs placed on the right of the LCD panel 
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Application Example for System-Driver Arrangement 
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Display-Data Transfer 

RAM data is transferred to a 160-bit liquid 
crystal data register at each rising edge of 
the CL1 clock pulse. Since display data 
transfer and HAM access to draw data is 
completely synchronous-separated in the 
LSI, there is no draw data loss or display 
flickering from display data transfer timing. 

The first line data transfer involves the first 
line marker (FLM), which initializes a line 
counter, and transfers the first line to a data 
register in the LCD driver. Subsequent line 



data transfer involves transferring the second 
and the subsequent line data to a data 
register in the LCD driver while incrementing 
the line counter value. 

First Line Data Transfer 

The line counter is initialized synchronously 
with an FLM signal in the first line data 
transfer by the FLM signal and the CL1 
signal. The first line is transferred to the 
data register in the LCD driver at the rising 
edge of the CL1 (figure 6). 
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Line Counter X + 1 )j 


S 1 IK 


: 2 




Latchl Data Xth + 1 line } 


HI 1st line 


HII 2nd line 




Y1-Y160 


Xth line X 


1st line 



Figure 6 First Line Data Transfer 
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Subsequent Line Data Transfer 

In display access 2, the second and the 
subsequent line data are transferred to the 
data register in the LCD driver at the rising 
edge of the CL1 to update the line counter 
value (figure 7). 
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Latchl Data 



nth line 
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Figure 7 Subsequent Line Data "Transfer 
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Display-Data Transfer Method 

The liquid crystal panel display needs to 
repeatedly execute first line data transfers 
and successive line data transfers based on a 
regular cycle to achieve continuous operation. 

The FLM signal cycle is determined by a 
frame frequency value which is required by 
a liquid crystal panel. Generally, the value 
is 70 to 90 Hz. 

Data-transfer clock CL1 frequency is 
determined by the number of lines that 
must be transferred during one frame 
period, in other words, a frequency should 
be the product of the FLM signal frequency 
multiplied by the number of lines. For 
example, to transfer 240 lines during one 
frame period (1/240 duty cycle) at a frame 
frequency of 80-Hz, an approximate 19.2- 
kHz data transfer clock is needed. 

The M signal, which converts a liquid 
crystal drive waveform to an AC signal, 



should be either a frame-reverse waveform 
synchronized with the FLM signal or an n- 
line reverse waveform synchronized with 
the n count of CL1. The latter should be 
initialized by FLM. Since the M cycle is 
closely related to optical characteristics 
and the display quality of the liquid crystal 
panel, it should be determined through 
actually verifying the display. 

Although the above control signals should 
be repeatedly input to display the contents 
of the internal memory on the liquid crystal 
display panel, power consumption in the 
display control part can be reduced to 1/50 
to 1/100 of that of the currently-used CRT- 
based control system mainly displaying 
still pictures with a long MPU idling state. 
This is because a considerably low-speed 
operating clock (about 20 kHz to 30 kHz) is 
used while in the range from 10 MHz to 
about 50 MHz are used for a liquid crystal 
controller based on existing CRT display 
control techniques. 
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Figure 8 LCD Display Data Timing 
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Draw Access 

Draw data access sequence is the same as 
for a general-purpose SRAM interface. It 
can easily be connected to a CPU address 
bus and data bus. 




Figure 9 Read Cycle 




Figure 10 Write Cycle 
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Configuration of Display Data Bit 

Packed Pixel Method 

For grayscale display, multiple bits are 
needed for one pixel. In the HD66520, two 
bits are assigned to one pixel, enabling a 
four-level grayscale display. 



One address (eight bits) specifies four 
pixels, and pixel bits and 1 are managed 
as consecutive bits. When grayscale 
display data is manipulated in bit units, 
one memory access is sufficient, which 
enables smooth high-speed data rewriting. 




LCD display state 
Grayscale level 

FRC control circuit 
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Figure 11 Packed Pixel System 
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Half Tone Display (FRC: Frame Rate 
Control Function) 

The HD66520 incorporates an FRC function 
to display four-level grayscale half tone. 

The FRC function utilizes liquid crystal 
characteristics whose brightness is 
changed by an effective value of applied 
voltage. Different voltages are applied to 



each frame and half brightness is 
expressed in addition to display on/off. 

Since the HD66520 has two-bit gray-scale 
data per one pixel, it can display four-level 
grayscale and improve user interface 
(figure 12). Figure 13 shows the 
relationships between voltage patterns 
applied to each frame, the effective voltage 
value, and brightness obtained. 



Edit 
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a) Display with two values 



Edit 




b) Display with four values 



Figure 12 Example of User Interface Improvement 
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Figure 13 Effective Voltage Values vs. Brightness 
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Example of System Configuration 

Figure 14 shows a system configuration for 
a 240 X 320-dot LCD panel using HD66520s 
and common driver HD66503 with internal 



liquid crystal display timing control 
circuits. All required functions can be 
prepared for liquid crystal display with just 
three chips except for liquid crystal display 
power supply circuit functions. 



DB0-DB7 
A15-A0 



,16 



Power supply 
circuit 




3 FLM.CL1.M 



1 DISP(DOC) 



LCD driver 



HD66503 



LCD display timing control circuit 



OSC1 OSC2 



Figure 14 System Configuration 
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Absolute Maximum Ratings 










Item 




Svmbol 


Ratinas 

■ mill ■ 


Unit 


Notos 


Power voltage 


Logic circuit 


v C c 


-0.3 to +7.0 


V 


1 




LCD drive circuit 


V E E 


Vcc - 300 10 
v C c +0 - 3 


V 




Input voltage (1) 




V T 1 


-0.3 to V C c +0.3 


V 


1,2 


Input voltage (2) 




V T2 


V EE -0.3 to 

v C c +0 - 3 


V 


1,3 


Allowable output 
current 




llol 


<TBD> 


mA 




Allowable total 
output current 




IXIol 


<TBD> 


mA 




Operating 
temperature 




T opr 


-20 to +75 


°C 




Storage 
temperature 




T stg 


-40 to +125 


°C 





Notes: 1. The reference point is GND (0 V). 

2. Applies to pins LS , LS-j, SHL, FLM, CL|, M, A to A 15 , DBq to DB 7 , DISP, CS, WE, and OE. 

3. Applies to pins V-j,v*2, V3, and V4. 

4. If the LSI is used beyond its absolute maximum rating, it may be permanently damaged. It should 



always be used within the limits of its electrical characteristics in order to prevent malfunction or 
unreliability. 
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Recommended Operating Conditions 1 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


ruwci vuiiayc njyii^ oiiouil 


v cc 


2.7 


3.3 


o.o 


V 




LCD drive circuit 


vee 


v C c - 10 




V C C "28 


V 




Input high voltage 
for logic circuit 


V| H 


0.7 X V CC 




vcc 


V 


1 


Input low voltage 
for logic circuit 


V| L 







0.3 X V CC 


V 


2 


Operating 
temperature 


^opr 


-20 


25 


75 


°c 




Notes: 1. Max value is Vqq + 1 V when the pulse width is 10 ns or less. 
2. Min value is - 1 V when the pulse width is 10 ns or less. 








Recommended Operating Conditions 2 

Item Symbol Min 


Typ 


Max 


Unit 


Notes 


Power voltage Logic circuit 


v C c 


4.5 


5.0 


5.5 


v 




LCD drive circuit 


v EE 


v C c " 1° 




v C c - 28 


V 




Input high voltage 
for logic circuit 


V|H 


0.7 X V CC 




v C c 


V 


1 


Input low voltage 
for logic circuit 


V|L 







0.3 x V CC 


V 


2 


Operating 
temperature 


T opr 


-20 


25 


75 


°c 





Notes: 1. Max value is Vcc + 1 V when the pulse width is 10 ns or less. 



2. Min value is - 1 V when the pulse width is 10 ns or less. 
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Capacitance 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Measuring 
Condition 


Input capacitance 








<TBD> 


PF 


v jn = ov 


I/O capacitance 


c l/0 






<TBD> 


PF 


T a = 25°C 
f = 1 MHz 



All these parameters are not measured but are sample values. 



Electrical Characteristics 



DC Characteristics 1 (V cc = 2.7 V to 5.5 V, GND = V, V cc - V EE = 8 V to 
28 V, T a = -20°C to +75°C) 



Item 


Symbol 


Applicable 
Pins 


Min 


Typ 


Max 


Unit 


Measurement 
Condition Notes 


Input high 
level voltage 


V| H 




0.7 X V CC 




v C c 


V 




Input low 
level voltage 


V|L 









0.3 x V CC 


V 




Output high 
level voltage 


V H 




V cc -0.4 






V 


IqH = - 0.4 mA 


Output low 
level voltage 


vol 








0.4 


V 


l 0L = - 0.4 mA 


Vi-Yj on 
resistance 


R ON 


Y1 to Y160 
V1L/V1R, 
V2I7V2R, 
V3L/V3R, 
and V4I7V4R 




1.0 


2.0 


kft 


Iqn = 100 |xA 1 



Notes: 1. Indicates the resistance between one pin from Y1 to Y160 and another pin from V2L/V2R, V3L/V3R, 
V4L/V4R, and V EE , when load current is applied to the Y pin; defined under the following conditions: 



V CC-V|_CD = 28V 

V1L/V1R, V3L7V3R = V cc - 2/10 (V cc - V EE ) 
V4L/V4R, V2I7V2R = V EE + 2/10 (V cc - V EE ) 

V1L7V1R and V3L/V3R should be near the V cc level, and V2L/V2R and V4L/V4R should be near the V EE 
level. All voltage must be within AV. AV is the range within which RqN' tne LCD drive circuits' output 
impedance, is stable. Note that AV depends on power supply voltages Vqq - V EE . See figure 15. 
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Figure 15 Relationship between Driver Output Waveform and Level Voltages 



DC Characteristics 2 (V cc = 2.7 V to 3.6 V, GND = V, V cc - V EE = 10 V to 
28 V, T a = -20°C to +75°C) 



Item 


Symbol 


Applicable 
Pins Min 


Typ 


Max 


Unit 


Measurement 
Condition Notes 


Input leakage 
current (1) 


'IL1 


-1.0 




1.0 


|xA 


V| N = V cc to GND 


Input leakage 
current (2) 


•lL.2 


V1L/V1R, -25 
V2L/V2R, 
V3IW3R, 
and V4L/V4R 




25 


jaA 


v IN = V CC toV EE 


Power 

consumption 
during RAM 
access 


"oc 




TBD 


TBD 


mA 


t cyc = 150 ns 1 

v CC -v EE 

= 28V 


Power 

consumption 
in LCD drive 
part 


■EE 




TBD 


TBD 






Power lp|5 
consumption 
during display 
operation 




TBD 


TBD 




T cyc = 500 ms ^ 2 


Notes: 1. 


Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, Vjh and Vjj_ must be held to Vqq and 
GND levels, respectively. 


2. 


Indicates the current when the display-operation memory access is idling. 
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DC Characteristics 3 (V cc = 4.5 V to 5.5 V, GND = V, V cc - = 8 V to 
28 V, T a = -20°C to +75°C) 



Item 


Symbol 


Applicable 
Pins Min 


Typ 


Max 


Unit 


Measurement 

Notes 


liipui IcaKayc 

current (1) 


ML1 


-1.0 




1.0 


|xA 


Vim — \/r>r+ tn fiND 


Input leakage 
current (2) 


>IL2 


V1L/V1R, -25 
V2L/V2R, 

voLy von, 

and V4L/V4R 


— 


25 


(xA 


v IN= v CC t0 V EE 


Power 

consumption 
during RAM 
access 


■oc 




TBD 


TBD 


mA 


t cyc = 150 ns 1 

v C c -v EE 

= 28 V 


Power 

consumption 
in LCD drive 
part 


'LCD 




TBD 


TBD 


|xA 




Power l D | S 
consumption 
during display 
operation 




TBD 


TBD 


|xA 


T cvc = 500 ms 1,2 


Notes: 1. 


Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, V||_|, and V|l must be held to Vqq and 
GND levels, respectively. 


2. 


Indicates the current when the display-operation memory access is idling. 
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AC Characteristics 1 (V cc = 2.7 V to 5.5 V, GND = V, V cc - V EE = 8 V to 
28 V, T a = -20°C to +75°C) 

Display-Data Transfer Timing 



No. 


Item 


Symbol 


Applicable 
- Pins 


Min 


Max 


Unit Notes 


1 


Clock cycle time 


tCYC 


CL1 


10 




|XS 


2 


CL1 high-level 
width 


tCWH 


CL1 


<TBD> 




ns 


3 


CL1 low-level 
width 


tCWL 


CL1 


1.0 




|XS 


4 


CL1 rise time 


V 


CL1 




50 


ns 


5 


CL1 fall time 


*f 


CL1 




50 


ns 


6 


FLM setup time 


*FS 


FLM, CL1 


<TBD> 




ns 


7 


FLM hold time 


r FH 


FLM, CL1 


<TBD> 




ns 



fCYC=1/tCYC 
Max :100 kHz 



® (D tew 



CL1 



FLM 



H>hn 

/ o 



7Vc 
3Vcc 



■4S- 

(DtFS, 



(ptCWH 



0tCYC 



®tFH > 



-0" 



0.3VCC — \ 



Figure 16 Display Data Transfer Timing 
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AC Characteristics 1 (V cc = 4.5 V to 5.5 V, GND = V, V cc - V EE = 8 V to 
28 V, T a = -20°C to +75°C) 

Draw Access Tuning 1 

Common Items 



No. 


Item 


Symbol 


Min 


Max 


Unit 


Notes 


1 


Address setup time 




20 




ns 




2 


Address hold time 


*AH 







ns 





3 Chip select time tew 40 tcYC~50 ns 



Read Cycle 



NO. 


Item 


Symbol 


Min 


Max 


Unit Notes 


1 


Read cycle time 


*RC 


60 




ns 


2 


Address access time 


*AA 




20 


ns 


3 


Chip select access time 


*ACS 




20 


ns 


4 


CS output set time 


tCLZ 







ns 


5 


CS setup time 


*CSS 







ns 


6 


CS hold time 


*CSH 







ns 


7 


OE low level width 


tOLW 


40 




ns 


8 


Delay time from output- 
enable to output 


*0E 





20 


ns 


9 


Delay time from output- 
enable to output (low 
impedance) 


tOLZ 







ns 


10 


CS and output floating 


l CHZ 





10 


ns 


11 


Delay time from output- 
disable to output 


tOHZ 





10 


ns 


12 


Output hold time 


k)H 


5 




ns 


13 


Output voltage rise/fall 
time 






50 


ns 
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Write Cycle 










No. Item 


Symbol 


Min 


Max 


Unit Notes 


1 Write cycle time 




60 




ns 


2 Address valid time 


t A\A/ 


60 




ns 


3 Write pulse width 


*WP 


40 


20 


ns 


4 Delay time from output- 
disable to output 


tOHZ 





10 


ns 


5 Input data set time 


tDW 


30 




ns 


6 Input data hold time 




5 




ns 



1024 



HITACHI 



HD66520 




I/O In 



Figure 17 Read Cycle 
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Figure 18 Write Cycle 
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H D66300T 

(Horizontal Driver for TFT-Type LCD 
Color TV) 



The HD66300T is a horizontal driver used for TFT- 
type (Thin Film Transistor) LCD color TVs. Specifi- 
cally, it drives the drain bus signals of a TFT-type LCD 
panel. 

The HD66300T receives as input three videosignals R, 
G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry then samples and holds 
these signals before outputting them via voltage fol- 
lowers to drive a TFT-type LCD panel. 

The HD66300T can drive LCD panels from 480 x 240 
pixels middle-resolution up to 720 x 480 pixels high- 
resolution. It has 120 LCD drive outputs and enables 
design of a compact LCD TV due to TCP (Tape Carrier 
Package) technology. 

Ordering Information 

Type No. Package 

HD66300T00 156-pin TCP 

Note: The details of TCP pattern are shown in 
"The Information of TCP." 



Features 

• LCD drive outputs: 120 

• Internal sample and hold circuits: 480 (4 circuits 
per output) 

• Support of single-rate sequential drive mode and 
double-rate sequential drive mode 

• Support of various types of color filter arrange- 
ments through an internal color sequence control- 
ler 

• Vertical pixels: 240 (middle-resolution) or 480 
(high-resolution) 

• Horizontal pixels: 480 to 720 

• Support of monodirectional connection mode and 
interleaved connection mode through a bidirec- 
tional shift register 

• Dynamic range: 15 V pp 

• Power supply: +5 V and -15 V 

• CMOS process 



Pin Arrangement 



QOOOOOOOOO* 



, oOToof-com^coeviT- 



ggggggsgsggggggggggfsggsgggsggggggggi 



(Top View) 

Note: This does not apply to TCP dimensions. 
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Pin Description 
Pin List 



rin Name 


IMUITIDOr Ol fliiS 


input/ vsuipui 


wonneciea ro 


runciions \rteier ioj 


D1 - D120 


120 





LCD panel 


1. 


HCK1 , HCK2, 
HCK3 


3 


i 


Controller 


2. 


DL, DR 


2 


I/O 


Controller or 
next HD66300T 


3. 


FD 


1 


1 


Controller 


4. 


RS 






GND 


5. 


OE 


1 




Controller 


6. 


SHL 


1 


, 


V cc orGND 


7. 


D/S 


1 


1 


V cc or GND 


8. 


L/F 




1 


V cc orGND 


9. 


MQF1 M<sP9 


o 
c 




\l nr r5ND 
v cc or VaNU 


10 


TEST1 , TEST2 


2 


. 


GND 


11. 


Vx1, Vx2, Vx3, 
Vy1 , Vy2, Vy3 


6 


1 


Inverter 


12. 


V bo 


1 




Power source 


13. 


V V 
v bsB* v bsH 


2 




Power source 


14. 


V LC 1.V LC 2. 

V LC 3 - V LC 4 


4 




Power source 


15. 


V 1 V 2 

v cc 3 


3 




Power source 


16. 


GND 


1 




Power source 


17. 


V 1 V 2 
BB 1 • V BB*» 


4 




Power source 


18. 



^BB 3, ^BB* 
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Pin Functions 

1. Dl - D120: These pins output LCD drive signals. 

2. HCK1, HCK2, HCK3: These pins input three-phase 
clock pulses, which determine the signal sampling 
timing for sample and hold circuits. 

3. DL, DR: These pins input or output data into or 
from the internal bidirectional shift register. The state 
of pin SHL determines whether these pins input or 
output data. 



SHL 


DL 


DR 




Output 


Input 


GND 


Input 


Output 



4. FD: This pin inputs the field determination signal, 
which allows the sample and hold circuitry and the 
shift matrix circuit to operate synchronously with TV 
signals, at its rising and falling edge. 



FD = high: First field 
FD = low: Second field 



When a non-interlace signal is applied, it must be 
inverted every field. 

When an interlace signal is applied in double-rate 
sequential drive mode with per-line inversion (mode 
1, 2, 3), the signal must be set high in both fields. The 
signal must be set low, however, in each field's hori- 
zontal retrace period. 

5. RS: This pin inputs a test signal and should be 
connected to pin GND. 



6. OE: This pin inputs the signal which controls the 
controller of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
It also switches the bias current of the output buffer, as 
shown in the following table. 

OE Bias Current of Output Buffer 

High Large current (determined by VbsB) 
Low Small current (determined by VbsH) 

7. SHL: This pin selects the shift direction of the shift 
register. 

SHL Shift Direction 

High DL<- DR 
Low DL -» DR 



8. D/S: This pin selects the LCD drive mode. 
D/S Mode 

High Double-rate sequential drive mode 
Low Single-rate sequential drive mode 

9. L/F: This pin selects the inversion mode of LCD 
drive signals. 

L/F Mode 

High Per-line inversion mode 
Low Per-field inversion mode 
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10. MSF1, MSF2: These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFT-type LCD panel and the drive mode. 



Filter Arrangement 


Drive Mode 


MSF1 


MSF2 


Diagonal mosaic 


Single-rate 


GND 


V CC /GND* 


pattern 


Double-rate 


GND 


V CC /GND* 


Vertical stripe 


Single-rate 


V cc 


V CC 


pattern 


Double-rate 


V CC 


v cc 


Unicolor triangular 


Single-rate 


v cc 


v cc 


pattern 


Double-rate 


v cc 


GND 


Bicolor triangular 


Single-rate 


v cc 


GND 


pattern 


Double-rate 


v ce 


GND 



Single-rate: Single-rate sequential drive mode 

Double-rate: Double-rate sequential drive mode 

Note * Refer to table2 and timing charts of each mode 



11. TEST1, TEST2: These pins input test signals and 
should be connected to pin GND. 

12. Vxl, Vx2, Vx3, Vyl, Vy2, Vy3: Video signals are 
applied to these pins; in general, positive video sig- 
nals are connected to pins Vxi and negative video 
signals to pins Vyi. 

13. V bQ : Bias voltage is applied to this pin for the 
differential amplifier in the sample and hold circuitry. 

14. ^bsB' ^bsH : ^ as v °l ta 8 e * s applied to this pin for 
the two power sources of the output buffer. 

VbsB: The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 



15. V LC 1, V LC 2, V LC 3, V LC 4: +5 V LCD drive voltage 
is applied to these pins. 

16. V cc l, V cc 2, V cc 3, V cc 4: +5 V is applied to these 
pins for the logic and the analog units. 

17. GND: V is applied to this pin for the logic unit. 

18. V BB 1, V BB 2: -15 V is applied to these pins for the 
LCD drive unit. 

19. V BB 3, V BB 4: -15 V is applied to these pins for the 
LCD drive unit. 
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I Sample 
- and hold 
" shift matrix 
FDD {controller 

OE 



E n_ HoHcHsHi 



LS 



Mill 


Bias 


BoA 


cont- 


BoB 


roller 


BoC 


BsB BsH 


BoO 



±2= 



5h 



TEST1C 
TEST2C 



Test 
circuit 



□ 

D2 



□ 

D3 



□ 

D118 



□ 

D119 




Sample and hold 
circuitry 



Output buffer (amp.) 



LS : level shifter 



HD66300T 



Block Functions 

Shift Register: The shift register generates the sam- 
pling timing for video signals. It is driven by three- 
phase clocks HCK1, HCK2, and HCK3, whose phases 
are different from each other by 120°; each clock 
determines the sampling timing for one color signal so 
that three clocks support the three color signals R, G, 
and B.The shift direction of thisregistercanbe changed. 

Level Shif ten The level shifter changes 5-V signals 
into 20-V signals. 

Sample and Hold Circuitry: In double-rate sequen- 
tial drive mode, two sample and hold circuits are 
selected to sample video signals during one horizon- 
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 



scanning period, and the other selected circuit is read 
out in the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. 

In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during one horizontal 
scanning period, and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 

Shift Matrix Circuit: The shift matrix circuit, a color 
sequence controller, changes over the sampled video 
signal every horizontal scanning period. 

Output Buff en The output buffer consists of a source 
follower circuit and can change the through-rate of an 
output signal by changing the external bias voltage. 
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System Block Configuration Example 



Antenna 



Speaker 



Tuner 



Video 
input O- 



Synchronizing 
isolator 



IF 




Sound 


— K 




output 





Chroma 



R, G, B 



Inverter 



Controller 



R, G, B 
R, G, B 



HD66300T 
(1) 



HD66300T 
(3) 



HD66300T 
(5) 



HD61105 
(1) 



j^y -j^y 



TFT-type color LCD panel 
720 x 480 pixels 



HD61105 -37t\ 
(6) -S * 



•^20^ ^20^ ^20^ 



HD66300T 
(2) 



HD66300T 
(4) 



HD66300T 
(6) 
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Figure 1 Example of HD66300T Connection to LCD Panel 
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video JO ijJ n_ ij I!^^ 




f'STH 
HCK1 
HCK2 



_*J L*. 2. 5 pixels 




HCK1, HCK2, and HCK3 are 
three-phase clocks having a 
mutual phase difference of 
120°. 

Due to a 1 .5-pixel position shift 
between even number lines 
and odd number lines, a 1.5- 
pixel phase shift must be gen- 
erated between the clocks for 
even number lines and those 
for odd number lines when an 
LCD panel of unicolor triangu- 
lar pattern is used. 



Figure 2 Timing chart 
HITACHI 



1035 



HD66300T 



Functional Description 

Screen Size 

Number of horizontal pixels: 

- 120, 240, 360, 600, and 720 in monodirectional con- 
nection mode 

- 240, 480, and 720 in bidirectional connection mode 

Number of vertical pixels: 

- 240 in single-rate sequential drive mode 

- 480 in double-rate sequential drive mode 

Single-Rate Sequential Drive Mode and Double- 
Rate Sequential Drive Mode 

Single-Rate Sequential Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which are 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines are equally divided into a 
first field and a second field. 

In single-rate sequential drive mode, a 240-pixel-high 
LCD panel is used. 240 scanning lines of the first and 
second fields of the TV signal are respectively as- 
signed to the 240 lines of the LCD panel. 



One line of an LCD panel is driven every horizontal 
scanning period in this mode. 

Double-Rate Sequential Drive Mode: To obtain a 
high-resolution display, a 480-pixel-high LCD panel 
is used. If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency becomes 15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. In the first field, 
the first scanning line is assigned to the first and 
second lines of the LCD panel, the second scanning 
line is assigned to the third and fourth lines, and so on. 
In the second Held, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 

Two lines of an LCD panel are driven every horizontal 
scanning period in this mode. 

Note: 

Refer to the index for the further information of NTSC 
TV system signals and LCD. 
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Supportable Types of Color Filter Arrangements 

The order and timing for the HD66300T to output 
color signals depend on the color filter arrangement 
on a TFT-type LCD panel. The HD66300T can support 



TFT-type LCD panels having the following color filter 
arrangements by specifying the operation of the inter- 
nal color sequence controller and by changing the 
external signals to be supplied. 



1 1 i i 


1 




B 






B 


m 


1 


B 






B 


§, 






1 




B 


i 

















B 






B 


m 






b m 



(a) Diagonal from top-left to bottom-right mosaic 
pattern 



(d) Unicolor triangular pattern 





(b) Diagonal from top-right to bottom-left mosaic 
pattern 



(e) Bicolor triangular pattern 



\ \ \ \ 



mm. 



mmmm 



(c) Vertical stripe pattern 



Figure 3 Supportable Types of Color Filter Arrangements 
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Mode Setting Pins 

Mode setting pins MSF1, MSF2, and D/S must be set 
according to both the type of color filter arrangement 
on theTFT-type LCD panel and the drive mode (single- 
rate sequential drive mode or double-rate sequential 
drive mode). These pins activate the internal color 
sequence controller, which changes the sequence of 
color video signals corresponding to each sample arid 
hold circuit and allows the LSI to output color data in 
the right order for the LCD panel being used. 

Per-Field Inversion and Per-Line Inversion 

The inversion mode of LCD drive signals can be 
selected by pin L/F. 



Per-Field Inversion (available with L/F = low) 

In a certain field, all LCD drive signals have one 
polarity and in the following field, they all have the 
inverted polarity. 

Per-Line Inversion (available with L/F = high) 

In a certain field, all LCD drive signals have positive 
polarity in odd number lines and negative polarity in 
even number lines, while in the following field, the 
situation is reversed, that is, negative polarity in odd 
number lines and positive polarity in even number 
lines. 



Table 1 Mode Setting Pins 



Filter Arrangement 


Drive Mode 


D/S 


MSF1 


MSF2 


Referential Timing Charts 


Diagonal mosaic 


Single-rate 


GND 


GND 


V cc , GND 


MODES 15, 16, 18, and 19 


pattern 


Double-rate 


V CC 


GND 


V cc , GND 


MODES 1,2, 5, 6, 8, 9, 
12, and 13 


Vertical stripe 


Single-rate 


GND 


V CC 


V CC 


MODES 17 and 20 


pattern 


Double-rate 


V CC 


V CC 


v cc 


MODES 3, 7, 10, and 14 


Unicolor triangular 


Single-rate 


GND 


V CC 


v cc 


MODES 17 and 20 


pattern 


Double-rate 


V CC 


V CC 


GND 


MODES 4 and 1 1 


Bicolor triangular 


Single-rate 


GND 


V CC 


GND 


MODE 17 


pattern 


Double-rate 


V CC 


V CC 


GND 


MODES 4 and 11 



Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 
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Interface 

Video Signals Connection 

Video signals must be connected to pins Vxl, Vx2, 
Vx3, Vyl, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vxl, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vyl, Vy2, and Vy3. For actual connection 
between an LCD panel and the LCD drive signal 



output pins, refer to the following example. 

In the case of Diagonal from top-left to bottom-right 
mosaic pattern. 

This example describes the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern is driven in double-rate sequential 
drive mode and monodirectional connection mode. 



HD66300T 

D1 D2 D3 D3k+1 D3k+2 D3k+3 












I 1 I (k=0~39) 

1 



The Color Sequence for Each Output Pin 

Output Pin Color Sequence 

D1 (=D3k+ 1) R->B->G->R-> 

D2 (=D3k + 2) G->R->B->G-> 

D3 (=D3k + 3) B->G-»R->B-> 

The Signal Sequence for Each Output Pin 

Output Pin Color Sequence 

D1 (=D3k + 1) Vx1 -> Vx3 -» Vx2 -> Vx1 -> 

D2 (=D3k + 2) Vx2 -> Vx1 -> Vx3 -> Vx2 -> 

D3 (=D3k + 3) Vx3 -> Vx2 -» Vx1 -» Vx3 -> 
(Refer h MODE 5) 

The Connection of Signals 



Signal 


Color 


Vx1 


R 


Vx2 


G 


Vx3 


B 


Vy1 


R 


Vy2 


G 


Vy3 


B 



1st line RGB I RGB 

2nd line B R G I JB^ R G 

3rd line _G__B__R \\ G B R 

4th line RGB | f R G B 
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In the case of Diagonal from top-right to bottom-left 
mosaic pattern, Vertical stripe pattern 

The same procedure for video signal connection applies 
to the case in which a TFT-type LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional connection mode. 

Triangular Pattern, Single-Rate Sequential Drive 
Mode 

The following procedures are required when a panel 
of unicolor or bicolor triangular pattern is used: 

1 . Unicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 



The clock phase must be changed every line because 
of the 1.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 

The connection of signals here is the same as that 
described above. 

2. Bicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 

The clock phase must be changed every line because 
of the 0.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 

The connection of video signals in the second field 
must be changed from that in the first field. See the 
following tables. 



The Color Sequence for Each Output Pin 

Output Pin Color Sequence 

D1(-D3k+1) R-> B-> R-> B~> 

D2 («D3k + 2) G-> R-> G-> R-> 

D3 («D3k + 3) B-»G->B->G-> 

The Signal Sequence for Each Output Pin 

Output Pin Signal Sequence 

1 st D1 («D3k + 1 ) Vx1 -> Vy1 -» Vx1 -» Vy 1 ~» 

field D2(-D3k + 2) Vx2 -» Vy2 -> Vx2 -> Vy2 -> 

D3 («D3k + 3) Vx3 -> Vy3 -» Vx3 -> Vy3 -> 

2nd D1 («D3k +1) Vy1 -> Vx1 -> Vy1 -> Vx1 -» 

field D2(-D3k + 2) Vy2 -» Vx2 -» Vy2 -> Vx2 

D3 (»P3k + 3) Vy3 -> Vx3 -> Vy3 Vx3 -» 

(Refer to Mode 17) 



The Connection of Signal In Each Field 





Per-Fleld Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


=high) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


R 


B 


R 


B 


Vx2 


G 


R 


G 


R 


Vx3 


B 


G 


B 


G 


Vy1 


B 


R 


B 


R 


Vy2 


R 


G 


R 


G 


Vy3 


G 


B 


G 


B 



HD66300T 



<- n n ^ m 
a a a a a 













R 


G 


B R G 




\ \ \ \\ 


B 


R G B f 




/ / / / / 



R G B R G 



y > > > > 

B R G B R 
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Triangular Pattern, Double-Rate Sequential Drive 
Mode 

Changing the phase of the sampling clocks is suffi- 
cient when the panel is driven in single-rate sequential 
drive mode. However, when the panel is driven in 
double-rate sequential drive mode, the above counter- 



measure does not work, since the display data for two 
lines is sampled at one time here. Consequently, de- 
laying the input video signal for a time period corre- 
sponding to the shift between pixels is required. 



1st line 



2nd line 



3rd line 



4th line 



HD66300T 













R 


G 


B 


* C 




\ \ \ \\ 


B 


R 


G 


B 


R 


/ / / / / 


R 


G 


B f 


\ G 


\ \\\\ 


B 


R 


G 


B 


R 



A shift in pixel position 
exists between the lines. 



Figure 4 



Video 
signal 



Delayed video 
signal 



Sampling 
clocks 




For the 2nd line 



For the 1 st line 



Figure 5 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode 





HD66300T 

o o o o o The Color Sequence for Each Output Pin 















R I G I B I R I G I 

i R i G i B i R i G , 



Output Pin Color Sequence 

D1 («D3k+1) R ->R ->R -> R -» 
D2(-D3k + 2) G ->G -»G -> G -» 
D3(=D3k + 3) B ->B ->B -> B -> 



The Signal Sequence for Each Output Pin (In Interlace mode) 



Output Pin Signal Sequence 



1st 


D1 («D3k+1) 


Vx1 


—> 


Vy1 -» Vx1 -» Vy1 


— > 


field 


D2 («D3k + 2) 


Vx2 




Vy2 -* Vx2 -> Vy2 


— > 




D3 (=D3k + 3) 


Vx3 


— » 


Vy3 -» Vx3 -> Vy3 


— > 


2nd 


D1 («D3k+1) 


Vy1 


-> 


Vx1 -> Vy1 -> Vx1 


— > 


field 


D2 («D3k + 2) 


Vy2 




Vx2 -» Vy2 -» Vx2 


— > 




D3(«D3k + 3) 


Vy3 


— > 


Vx3 -> Vy3 -» Vx3 


-> 



(Refer to MODE 4) 



The Signal Sequence for Each Output Pin (In non-interlace mode) 



Output Pin Signal Sequence 



1st 


D1 («D3k+1) 


Vx1 -> Vy1 


— > 


Vx1 


-> Vy1 -> 


field 


D2(=D3k + 2) 


Vx2 -> Vy2 


— > 


Vx2 


-> Vy2 -> 




D3(-D3k + 3) 


Vx3 -> Vy3 




Vx3 


-> Vy3 -» 


2nd 


D1(=D3k+1) 


Vx1 -* Vy1 


— » 


Vx1 


-> Vy1 -> 


field 


D2(«D3k + 2) 


Vx2 Vy2 


— > 


Vx2 


-> Vy2 -> 




D3(=D3k + 3) 


Vx3 -> Vy3 




Vx3 


-> Vy3> 



(Refer to MODE 11) 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 



The Connection of Signals In Each Field In Interlace Mode 




Per-Fleld Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


shlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


R 


Delayed R 


R 


Vx2 


Delayed G 


G 


Delayed G 


G 


Vx3 


Delayed B 


B 


Delayed B 


B 


Vy1 


R 


Delayed R 


R 


Delayed R 


Vy2 


G 


Delayed G 


G 


Delayed G 


Vy3 


B 


Delayed B 


B 


Delayed B 


The Connection of Signals in Each Field In Non-interlace Mode 




Per-Fleld Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


shlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


Delayed R 


Delayed R 


Delayed R 


Vx2 


Delayed G 


Delayed G 


Delayed G 


Delayed G 


Vx3 


Delayed B 


Delayed B 


Delayed B 


Delayed! 


Vy1 


R 


R 


R 


R 


Vy2 


G 


G 


G 


G 


Vy3 


B 


B 


B 


B 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode 



1st line | R| G| B|R I G~[~ 
2nd line I B I R I G I B I R I 

'///// 

3rd line [ R| g| | b] R | G | 
4th line | B | R | G | B | R | 



The Color Sequence for Each Output Pin 
Output Pin Color Sequence 



D1 («D3k+1) 
D2 («D3k + 2) 
D3 («D3k + 3) 



R->R->R->R-» 
G-» R -» G -» R -» 
B->G->B->G-» 



The Signal Sequence for Each Output Pin (In interlace mode) 
Output Pin Signal Sequence 



1st 
field 



D1 («D3k+1) 
D2(«D3k + 2) 
D3(«D3k + 3) 



Vx1 -> Vy1 -> Vx1 -> Vy1 -> 
Vx2 -> Vy2 -> Vx2 -> Vy2 -> 
Vx3 -> Vy3 -> Vx3 -> Vy3 -» 



2nd 
field 



D1 («D3k+1) 
D2 («D3k + 2) 
D3(-D3k + 3) 



Vy1 -» Vx1 -» Vy1 -> Vx1 
Vy2 -> Vx2 -> Vy2 -> Vx2 
Vy3 -> Vx3 -> Vy3 -* Vx3 



(Refer to MODE 4) 

The Signal Sequence for Each 

Output Pin 



Output Pin (In non-interlace mode) 
Signal Sequence 



1st 
field 



D1 («D3k+1) 
D2 (»D3k + 2) 
D3(-D3k + 3) 



Vx1 -> Vy1 -> Vx1 -> Vy1 
Vx2 -> Vy2 -> Vx2 -> Vy2 
Vx3 -> Vy3 -» Vx3 -> Vy3 



2nd 
field 



D1 (»D3k+1) 
D2(-D3k + 2) 
D3 (=D3k + 3) 



Vx1 -> Vy1 
Vx2 -> Vy2 
Vx3 -> Vy3 



Vx1 -> Vy1 
Vx2 -* Vy2 
Vx3 Vy3 



(Refer to MODE 11) 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 



The Connection of Signals in Each Field In Interlace Mode 




Per-Field Inversion 


Per-Line Inversion 




Mode (UF = 


low) 


Mode (UF 


shlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


B 


Delayed R 


B 


Vx2 


Delayed G 


R 


Delayed G 


R 


Vx3 


Delayed B 


G 


Delayed B 


G 


Vy1 


B 


Delayed R 


B 


Delayed R 


Vy2 


R 


Delayed G 


R 


Delayed G 


Vy3 


G 


Delayed B 


G 


Delayed B 


The Connection of Signals In Each Field In Non-interlace Mode 




Per-Field Inversion 


Per-Line Inversion 




Mode (UF r 


low) 


Mode (UF 


shigh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


Delayed R 


Delayed R 


Delayed R 


Vx2 


Delayed G 


Delayed G 


Delayed G 


Delayed G 


Vx3 


Delayed B 


Delayed B 


Delayed B 


Delayed B 


Vy1 


B 


B 


B 


B 


Vy2 


R 


R 


R 


R 


Vy3 


G 


G 


G 


G 
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Connection to LCD Panels 

There are two modes of connecting HD66300T chips 
to an LCD panel: 

1) monodirectional connection mode 

2) interleaved connection mode 



In the former mode, the HD66300Ts are set on either 
the upper side or lower side of the panel, while in the 
latter mode, the HD66300Ts are set on both sides and 
the upper drivers and the lower drivers are alternately 
connected to each pixel-column. 



El 
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DL DR 
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D1 D120 



SHL 

DL OR 



HD66300T 
D1 D120 
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-LCD panel- 



Figure 6 Monodirectional Connection Mode 
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Internal Operation 

The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal bidirectional shift register controls which 
circuits to sample data. 

It has three-phase shift clocks with mutual phase 
difference of 120° to drive the shift register, which 
enables driving an LCD panel with mosaic pattern 
and triangular pattern. 

The operation of sample and hold circuits and sam- 
pling operation are described below followed by the 
description of the relationship between three-phase 
shift clock phases and frequencies. 

After the above description, determination of bias 
voltage is described; bias voltage controls driving 
characteristics of a differential amplifier and output 
buffer of the sample and hold circuits. 



Finally, the OE and FD signals are described; they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for each mode follow the 
description. 

Sample and Hold Circuitry 

Operation of Sample and Hold Circuitry 

The HD66300T has four sample and hold circuits A, B, 
C, and D per LCD drive signal output. Sample and 
hold circuit pair A and B is supplied with the same 
sampling clock pulses as circuit pair C and D. One of 
the signals output by these circuits is connected to an 
output driver. 

These sample and hold circuits repeat sampling and 
outputting of signals alternately to drive an TFT-type 
LCD panel. 



/c 



Video 
signals <| 
input 



Sampling 
clock 1 

Sampling q_ 
clock 2 



Sample and hold 
circuit (A) 



Sample and hold 
circuit (B) 



Sample and hold 
circuit (C) 



Sample and hold 
circuit (D) 



Output driver 



> Output 



Figure 8 Sample and Hold Circuitry 
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In single-rate sequential drive mode, sample and hold 
circuits A and D are alternately used; circuits B and C 
perform sampling operation, but are not used since 
they are not connected to the output driver. 

In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it as an LCD drive signal 
in the following horizontal scanning period. 

In double-rate sequential drive mode, all sample and 



hold circuits A, B, C, and D are alternately used. 

In double-rate sequential drive mode, two sample and 
hold circuits sample two signals during one horizon- 
tal scanning period, and output one of them as an LCD 
drive signal in the first half of the following horizontal 
scanning period, and output the other signal in the 
second half. 

The following shows the timing charts of sampling 
and outputting operation. 



1H 



OE 



/ 



Sample 
and 
hold 
circuits 



SAMPLING 



^TOUTPUT^ 



SAMPLING 



Not used 



Not used 



\ D 
OUTPUT 





^ SAMPLING 




M. 




X - 


X * 




X 



Figure 9 Sampling Timing charts of Single-Rate Sequential Drive Mode 
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SAMPLING ^^JTPyj^ 





SAMPLING 



^/OUTPUT^l 



Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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Sampling Operation 

The HD66300T has a bidirectional shift register com- 
posed of 120 bits and each bit of the shift register 
generates the sampling pulses to control the sampling 
operation of the four sample and hold circuits con- 
nected to each LCD drive signal output pin. When a 
bit of the shift register is 1, the corresponding sample 
and hold circuits are in the sampling state; when it is 
0, the corresponding sample and hold circuits are in 
the hold state. Consequently, shifting a 1 into the shift 



register activates in turn the sample and hold circuits 
corresponding to each LCD drive signal output pin. 

Figure 11 is a shift register sketch illustrating the 
relationship between the shift register and the shift 
clocks HCK1, HCK2, and HCK3. Note that the order 
of sampling pulse generation depends on the state of 
pin SHL. Dl corresponds to DL and D120 to DR. 

Figure 12 is a timing chart of sampling pulses gener- 
ated by the shift register. 



Dl D2 D3 D4 



D117 D118 D119 D120 



lilt I I I I 



SHLO- 



HCK1 o- 



HCK2 O- 



HCK3 O- 



SH1 


SH2 


SH3 


SH4 




SH117 


SH118 


SH119 


SH120 




















SR1 


SR2 


SR3 


SR4 




SR1 17 


SR118 


SR119 


SR120 



Output pins 



Sample and hold circuitry 



i 



Figure 11 Shift Register Sketch 
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HCKl 1 I I I 1 11 I 

jn_ru"\\_rL_ru 



HCK2 

HCK3 

DL 
(OUTPUT) 

SR1 

SR2 - 

SR3 - 

SR118 - 

SR119 - 
SR120 



n_n_nJ/-L_ru"i_ 



J L 



DR 
(INPUT) 



n 



_l — L 



(a) SHL=High 




(b) SHL=Low 
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Three-Phase Shift Clocks 

Three-Phase Shift Clocks and Sample Start Signal 

Shift clocks HCK1, HCK2, and HCK3, which are 
operation clocks for the shift register, must be three- 
phase clocks with 50-percent duty. The HCK2 clock 
must be generated 120° after the HCK1 clock, and the 
HCK3 clock 240° after the HCK1 clock. Sampling 



operation starts when 1 is input from pin DL or DR at 
a rising edge of the HCK1 clock pulse. 

In monodirectional connection mode, all the 
HD66300T chips must be supplied with the same 
three-phase shift clock pulses. In interleaved connec- 
tion mode, the frequency of the three-phase shift 
clocks must be half of that in monodirectional connec- 
tion mode, and the phase shift between the upper 
drivers clocks and the lower drivers clocks must be 
one pixel. 



HCK1 



HCK2 



HCK3 



DL/DR 



n 



(a) In Monodirectional Connection Mode 



/ 



For upper 
drivers 



HCK1 



HCK2 



HCK3 



DL/DR 



For lower 
drivers 



\ 



HCK2 



HCK3 



DL/DR 



m 



i 1 pixel 



r 



1 




l_ 


1 









The lower driver clock pulses follow the upper driver clock pulses by one pixel. 

(b) In Interleaved Connection Mode 



Figure 13 Three-Phase Shift Clocks and Sample Start Signal 
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Some position shift exists between the pixels of even 
number lines and those of odd number lines for LCD 
panels having triangular patterns. This requires gen- 
erating a phase shift between the three-phase clocks 



for even number lines and those for odd number lines. 
The required phase shift is 1.5 pixels for LCD panels 
having a unicolor triangular pattern, while it is 0.5 
pixels for those having a bicolor triangular pattern. 
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How to Generate Three-Phase Shift Clocks 

Three-phase shift clocks can be generated by dividing 
the base clock, which is generated from a horizontal 
synchronizing clock, through the use of a frequency 
multiplier such as a PLL circuit. 

The number of horizontal pixels of the LCD panel and 
the valid display ratio determines the base clock 
frequency f . 

If the number of horizontal pixels is 480 and the 



valid display ratio is 95% in the NTSC system, the 
base clock frequency f is about 9.59 MHz according 
to the following equation. 

f = (1 /valid display period) x (no. of horizontal 
pixels/valid display ratio) 

- 480/(52.7 usecx 0.95) 

- 9.59 (MHz) 

The three-phase clocks can be generated by divid- 
ing f by 3 (in the monodirectional connection mode) 
or 6 (in the interleaved connection mode). 



480 pixels {95%) 



Video 
signals 




• Horizdntal ! 
■retrace period 



Valid display period 



Figure 15 Base Clock 
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(a) In Mohodirectional Connection Mode 
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(b) In Interleaved Connection Mode 



Figure 16 Three-Phase Shift Clocks 
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Bias Voltage 

Voltages V teB , and control the drive capa- 
bility of the output buffer and differential amplifier. 
Here the LSI must be used in the range of 

v cc - 40 V 5 V taB -V^V^ S V CC - 2.0 V 

^bsB contro ^ s tne drive current capability of the output 
buffer when OE is high (IV gB ) and controls the 
leakage correction current of when OE is low (IV^). 
Figure 1 7 and figure 18 show the relationship between 
IV gB and V teB and the relationship between IV gH and 
V bsH ' respectively. 

^bsB an( * ^bsH s ^ ou ^ ^ e to an appropriate level for 
the electrical characteristics of the LCD panel used. 



The rise time (t DDR ) and the fall time (t^p) of the 
output buffer depend on the input level of ^ bsW 
Figure 19 shows the relationship between t DDR/ t DDF 



andV, 



bsB" 

controls the bias current of the differential ampli- 
fierflV^). 

Figure 20 shows the relationship between the rise and 
fall times (t DDR , t DDF ) of the output buffer and V^. 

should be adjusted to an appropriate level for the 
electrical characteristics of the LCD panel used. 
The increase of total current consumption is 120 times 
larger than that of IV^, and IV^ because 

figure 17, 18 and 21 each shows the case of one output 
and HD66300T has 120 outputs. 
Figure 1 7, 18, 19, 20 and 21 are just for reference and do 
not guarantee the characteristics. 
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Figure 22 Definition of and 
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OE Signal 

The OE signal has the following functions: 

Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 
circuit, and switches the output signal at the OE signal 
rising edge. 

Switching of drive capability of the output buff en 

Determines the current drive capability of the output 
buffer; 



OE = high: Drives with large current (300 uA, typ) 
OE = low: Drives with small current (20 uA, typ) 

This function allows the output buffer to operate with 
large current during the transition of an output signal, 
thus shortening its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current con- 
sumption. 

The drive current is controlled by bias voltages V teB 
(large current) and (small current). 



OE r 
signal 1 









Output 
signal 


Large 
current 


Small i 
current I 







Figure 23 Switching of Drive Capability of the Output Buffer 
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FD Signal 

The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 

The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edge in single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output in the determined order at most every 12 

Timing Charts for Each Mode 

Table 2 Reference timing charts for each mode 

Single (D/S = Low) Double (D/S = High) 



Interlace Non-lnterlace 



Filter Arrangement 


Per-Line 


Per-Field 


Per-Line 


Per-Field 


Per-Line 


Per-Field 


Mosaic Top- 
left to 
bottom - 


Inter- 
leaved 


MODE 15 


MODE 18 


MODE 2 


MODE 6 


MODE 9 


MODE 13 


right 


Monodi- 
rectional 


MODE 16 


MODE 19 


MODE 1 


MODE 5 


MODE 8 


MODE 12 


Top- 
right to 
bottom - 


inter- 
leaved 


MODE 16 


MODE 19 


MODE 1 


MODE 5 


MODE8 


MODE 12 


left 


Monodi- 
rectional 


MODE 15 


MODE 18 


MODE 2 


MODE 6 


MODE 9 


MODE 13 


Vertical stripe 




MODE 17 


MODE 20 


MODE 3 


MODE 7 


MODE 10 


MODE 14 


Unicolor triangular 




MODE 17 


MODE 20 


MODE 4 


MODE 4 


MODE 11 


MODE 1 1 


Bicolor triangular 




MODE 17 


MODE 17 


MODE 4 


MODE 4 


MODE 11 


MODE 1 1 



Single: Single-rate sequential drive mode 
Double: Double-rate sequential drive mode 
Per-Line: Per-line inversion mode 
Per-Field: Per-field inversion mode 
Interleaved: Interleaved connection mode 
Monodirectional: Monodirectional connection mode 



pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 

The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one- 
pulse time period of the OE signal during the horizon- 
tal scanning period. 

The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer to the appropriate timing 
charts. 
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D 1 I 1 SAMPLE | jOUTl SAMPLE | jQUTl SAMPLE | |OUT| SAMPLE | I S^"l SAMPLE j |OUT| 



D3k+1 XXX )T~^ i)^><^ 
D3k+2 XXX )T") ^2>^X^^ 
D3k+3 XXX )Q <^3Xv^ 



Ga-1 
Ga-2 



Ga-480 

\ 



Video 283 u 284 J^J^HJWI JlsT] J^^J^lJ^JJI^f^^ 
I _J I I 1 I I I ft I 



DL/DR 
OE 
FD 



!JT_rUT_riJTJTJTJ^ 



-4- 



Sample and 
hold circuits 



A II II | SAMPLE fOUTj | SAMPLE lOUTl I SAMPLE | OUT { I I ffi |OUT| | 

B II II I SAMPLE J IQUTI SAMPLE I I OUT I SAMPLE I lOUT I I lOUTT" 

C C 

D C 



I III SAMPLE | OUT | | SAMPLE |OUT| j SAMPLE I OUT I ^" | SAMPLE |OUT| | 



| | SAMPLE | | OUT | SAMPLE | |QUT| SAMPLE I | OUT | SAMPLE | I SAMPLE | | | 

D3k+1 X X X X X X X 

D3k+2 x x x x x x x x s^x*a^ 



D3k+3 X X X X X X X X ^iX)^^ X X 



Ga-1 
Ga-2 
kpa-480 



HITACHI 



1061 



HD66300T 



MODE 3 


D/S 


Vcc 


L/F 


Vcc 


msfi 


Vcc 


MSF2 


V cc 



Video 
DL/DR 
OE 
FD 



!JiJiJiJi^iJiJi_njTj^ 



4S- 



Sample and 
hold circuits 



"A I | SAMPLE IOUTI | SAMPLE | OUT | | SAMPLE | OUT | | SAMPLE | OUT | | I S^lOUTj | | 

B I I SAMPLE 1 IOUTI SAMPLE I I OUT | SAMPLE 1 I OUT | SAMPLE I IOUTI | ffi | |OUT| | 

C I I \ SAMPLE |OUT| \ SAMPLE |OUT| | SAMPLE »OUT| | SAMPLE 10Uf"T"fy \ SAMPLE IOUTI "1 

D I I I SAMPLE 1 IOUTI SAMPLE | | OUT | SAMPLE | |OUT| SAMPLE I j ^ I SAMPLE I |OUT| 



D3k+i X X X X X yZy$tftf^^ 

D3k+2 XXX X ~^v^^^ 
D3k+3 XXX )Q <v^XvT3X^ 



Ga-1 - 
Ga-2 - 
Ga-480 



\ 



DL/DR 
OE 
FD 



283 ^ 284 J"l8TU~l8T1JW^^ 1 y 2 

I I I I I I I MM — 

1JTJTJTJTJ"U1_RJU1^ 

i » —i 



Sample and 
hold circuits 



'A II II I SAMPLE lOUTl I SAMPLE IOUTI I SAMPLE I OUT I I I ffi |OUT| | | 

B II II I SAMPLE I IOUTI SAMPLE I I OUT! SAMPLE I lOUTl "T^ I IOUTI 1 

C I I I II \ SAMPLE lOUTl | SAMPLE IOUTI | SAMPLE I OUT I yj I SAMPLE I OUT | | 

D I I | SAMPLE | lOUTl SAMPLE | |QUT| SAMPLE I |OUT| SAMPLE I I ffi I SAMPLE | | | 



D3k+i X X X X X X X X yTiXvTiX^^ X X" 

D3k+2 X X X X X X X X ^xiXv^^ X 
D3k+3 X X X X X X X ) <^><y^ X X 



Ga-1 
Ga-2 
^Ga-480 



1062 



HITACHI 



HD66300T 



MODE 4 


D/S 


V C c 


L/F 


Vcc/GND 


MSF1 


Vcc 


MSF2 


GND 



v.deo -ii^ i^ jiiii^n^jziiz^ 



DL/DR 
OE 
FD 



LJXTLJlJlJTJlJ^nJTJ^ri^^ 



4- 



Sample and 
hold circuits 



'A 1 I SAMPLE |OUT| j SAMPLE | OUT | 1 SAMPLE | OUT | 1 SAMPLE | OUT | \ ~T% lOUTl | "1 
B I I SAMPLE | IOUTI SAMPLE I |OUT| SAMPLE | |OUT| SAMPLE | IOUTI | ffi [ |OUT| | 
C 1 I I SAMPLE |OUT| | SAMPLE |OUT| | SAMPLE |OUT| | SAMPLE lOUTT^ I SAMPLE I OUT| ~1 

I | SAMPLE | IOUTI SAMPLE | | OUT 1 SAMPLE | 1QUT| SAMPLE | | ^ff\ SAMPLE | |OUT| 



D L 



D3k+i XXX >r> srrxv^^^ 

D3k+2 X X X "^T^ ^vyzXy^ 
D3k+3 XXX X~X 5*XvylX^ 



VxiXvyiXvxiXvyiX Y~ 
:vx2Xvy2Xvx2Xvy2)Or 



Ga-1 • 
Ga-2 ■ 
Ga-480 



\ 



Video 
DL/DR 
OE 
FD 



282 ^ 283 u 284 JlSr\J JSE}Jl^ y 2 

I I I L_ I I L L_4_J : 



Sample and 
hold circuits 



a IZZC 



I I SAMPLE IOUTI 1 SAMPLE- 1 OUT | I SAMPLE I OUT 1 I I )) |OUT| | 



B II II I SAMPLE I |OUT«| SAMPLE I I OUT I SAMPLE I lOUT 1 ~fS^ I IOUTT" 

C I 1 l 



I II SAMPLE | OUT | | SAMPLE |QUT| j SAMPLE lOUTf)^ I SAMPLE |OUT| 
D I 1 | SAMPLE | | OUT | SAMPLE | |OUT| SAMPLE I | OUT | SAMPLE 1 | § | SAMPLE | T 



D3k+1 x X X X X X X X v^XvxlXv^^ X X" 

D3k+2 X X X X X X X X ^Xy^^^ X X 

D3k+3 X X X X X X X X ^XvxlX^ X X 



Ga-1 
Ga-2 
lGa-480 



HITACHI 



1063 



HD66300T 



MODE 5 


D/S 


Vcc 


L/F 


GND 


MSF1 


6ND 


MSF2 


Vcc 



Video 
DL/DR 
OE 
FD 



I I I I I I I I MM 

i : : » = 



Sample and 
hold circuits 



'A I I SAMPLE lOUt | ISAMPLElOUTl | SAMPLE I OUT I I SAMPLE I OUT \ \ | frlOUTl I "1 

B 1 I SAMPLE | | OUT | SAMPLE I. I OUT! SAMPLE 1 IOUTI SAMPLE I 1QUT| \%\ |OUT| \ 

C I 1 I SAMPLE IOUTI | SAMPLE |OUT| 1 SAMPLE IOUTI I SAMPLE |OUT| I SAMPLE I OUT! I 

D I 1 I SAMPLE I IOUTI SAMPLE 1 |OUT| SAMPLE | |OUT| SAMPLE I t ^ I SAMPLE I |OUT{ 



X 


X 


X 


X > 




X 


X 


X 


X > 



D3H-3 X X XZSZ) 



ex 



Ga-1 - 
Ga-2 - 
Ga-480 



Video 
DL/DR 
OE 
FD 



jg ^ 283 u 284 J ^J ^jDJ^ ^ J"!^ y 2 

l_ I I 1 1 I J MM 



Sample and 
hold circuits 



'A II II | SAMPLE lOUT | ISAMPLElOUTl ISAMPLElOUTl I | ffi |OUT| | | 

b i — r 

C CZZ 

D 



I I I SAMPLE I I OUT I SAMPLE I I OUT I SAMPLE I IOUTI lYf I I OUT I ~"1 
I III SAMPLE IOUTI | SAMPLE |OUT| | SAMPLE lOuTT^ I SAMPLE IOUTI "~1 

| | | SAMPLE | IOUTI SAMPLE | |OUT| SAMPLE I I OUT I SAMPLE I I ^ I SAMPLE | | | 



wk+i x x x x x x x > ^y^x^^ 

D3k+2 X X X X X X X X s^T^ X X 

D3k+3 X X X X X X X X v^Xn^i^^ X y 



Ga-1 
Ga-2 
s Ga-480 



J L 



J— L 



1064 



HITACHI 



HD66300T 



MODE 6 


D/S 


V C c 


L/F 


GND 


MSF1 


GND 


MSF2 


GND 



Video -1^ 
DL/DR 



JL 



JL 



FD 



Sample and 
hold circuits 



A 1 | SAMPLE lOUTj | SAMPLE | OUT | | SAMPLE | OUT | | SAMPLE {OUT | | T"^ >OUTf 1 1 

B I I SAMPLE I I OUT | SAMPLE 1 |OUT| SAMPLE 1 |OUT| SAMPLE 1 lOUTf \ § \ |OUT| | 

C I I I SAMPLE | OUT | | SAMPLE 1 OUT) 1 SAMPLE I OUT I I SAMPLE |OUT| )\ | SAMPLE I OUT| "1 

D 1 I I SAMPLE | I0UT1 SAMPLE j |QUT| SAMPLE | |OUT| SAMPLE | I ^ I SAMPLE | |OUf] 



D3k+1 XXX T^ C^i^ 
D3k+2 ZXZKZXZXZ>®^ 
D3k+3 XXX )T^ 3><y^^ 



Ga-1 - 
Ga-2 - 

Ga-480 

\ 



DL/DR I I I I I _J I L-4-J 

oe 1JTJTJTJ1JTJTJ1JTJTJ^^ 

FD 1 , 



Sample and 
hold circuits 



A II II I SAMPLE IQUTI | SAMPLE I OUT I I SAMPLE I OUT I I I |OUT| [ I 

B II II I SAMPLE I I OUT I SAMPLE I I OUT I SAMPLE I lOUT I I V} I I OUT I I 

C I II II I SAMPLE | OUT | | SAMPLE I OUT | I SAMPLE I OUtT)^ I SAMPLE I OUT I "1 



D I I | SAMPLE | lOUT I SAMPLE 1 |OUT| SAMPLE I I OUT 1 SAMPLE | | ffi | SAMPLE | | | 

D3k+1 X X X X X X X X S^Xy^ 



D3k+2 x x x x x x x x wXm><^^ 

D3k+3 X X X X X X X X ^TX^i^^ X X 



Ga-1 
Ga-2 
^Ga-480 



-«- 



HITACHI 



1065 



HD66300T 



MODE 7 


D/S 


Vcc 


L/F 


GND 


MSF1 


Vcc 


MSF2 


Vcc 



Video -2^ 
DL/DR 



OE 
FD 



Sample and 
hold circuits 



'a I I SAMPLE |OUT | | SAMPLE 1 OUT 1 | SAMPLE 1 OUT 1 | SAMPLE | OUT | | "T"S^ |OUT| | ~] 

B 1 1 SAMPLE | 1QUT1 SAMPLE I [OUTj SAMPLE | jOUTj SAMPLE 1 |OUT| | | |QUT| | 

C I I | SAMPLE 10UT| 1 SAMPLE | OUTI | SAMPLE |OUT| I SAMPLE |OUT"[""S^ I SAMPLE I OUT! "1 

D I 1 | SAMPLE | jOUTj SAMPLE | | OUT I SAMPLE | |OUTj SAMPLE \ "T~S^ 1 SAMPLE 1 jOUTj 



D3K+1 XXX )Q <v7iX^Xv^^ 

D3k+2 x x x )ry &xtz>^^ 

D3k+3 X X X X X v^y^Xv^^ 



Ga-1 
Ga-2 



-4- 



Ga-480 

\ 



video ig^ 283 y m jissi j-isr\jur] j~W]j-my^r]jz$p i fvr] u ' u z 

DL/DR I I I I L I I MV-J 

oe TJTJlJTJTJlJTJT_rUTJ^^ 

fd — i ; 



f A C 



Sample and 
hold circuits 



I | SAMPLE IQUTI | SAMPLE lOUt j I SAMPLE I OUT I I T^~IOUT| I "1 



B I I li I SAMPLE I I OUT I SAMPLE I I OUTI SAMPLE I lOUT I Tj) I |QUT| | 

C 1 II III SAMPLE | OUT | | SAMPLE |OUT| I SAMPLE I OUT I yj I SAMPLE |OUT| | 



\ 



D j I | SAMPLE | lOUTl SAMPLE | |QUT| SAMPLE I | OUT | SAMPLE | | § | SAMPLE | | | 



D3k+1 X X X X X X X X y7TX^>^^ X X" 

D3k+2 X X X X X X X X v^y^^^ 
D3k+3 X X X X X X X X vTsXy^XwiX^^^ 



Ga-1 
Ga-2 
V G 4-480 



J~~L 



1066 



HITACHI 



HD66300T 



MODE 8 


D/S 


V cc 


L/F 


Vcc 


MSF1 


GND 


MSF2 


Vcc 



Video .21 , 22 

u 

DL/DR 



_j i i i i i i i i 



OE 



LJTJTJIJUIJTJUIJTJT^^ 

. .. » 



Sample and 
hold circuits 



A I | SAMPLE | OUT 1 | SAMPLE | OUT | | SAMPLE | OUT | ( SAMPLE | OUT | | "f^ |OUT[ | 1 

B 1 1 SAMPLE | |OUT 1 SAMPLE | | OUT | SAMPLE \ |OUT| SAMPLE 1 |OUT| ~T\\ 1 |OUT| | 

C I I I SAMPLE IOUT1 | SAMPLE |OUT| | SAMPLE jOUTj j SAMPLE |OUT| \\ | SAMPLE |OUT| | 

D | \ | SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | | ^ | SAMPLE | |OUT| 



D3k+1 xxx )C^/ y^^ 

D3k+z x y x v x y^yT)^ 
D3k+3 \ y x x"^ x^x^ 

Ga-i n (/> 

Ga-2 T~l ft 

Ga-480 



4^- 



I I 1 I I I I I _L 



1 2 

u 



DL/DR 
OE 
FD 



-9- 



UTJXRJTJTJTJTJIJTJT^^ 



4- 



Sample and 
hold circuits 



I 1 SAMPLE | OUT | | SAMPLE lOUTl | SAMPLE I OUT 1 1 SAMPLE | OUT | 1 "T^lQUTj 1 "1 

B I I SAMPLE 1 | OUT | SAMPLE | |OUT| SAMPLE \ |OUT| SAMPLE | |OUT| 1 ft | |QUT| | 

C I I I SAMPLE IOUT1 I SAMPLE |QUT| 1 SAMPLE |OUT| | SAMPLE I OUT I ^ 1 SAMPLE |OUT| j 

D 1 I | SAMPLE | lOUTl SAMPLE | |OUT| SAMPLE I jpUTl SAMPLE | | ^ | SAMPLE | jOUf] 



D3k+1 X X X X X ^iX^Xv^Xv^^ 



D3k+2 X X X X ) ^Xv^3X^^ 



D3k+3 X X X X "X y^jy^^ 



Ga-1 
Ga-2 
^Ga-480 



HITACHI 



1067 



HD66300T 



MODE 9 


D/S 


V C c 


L/F 


Vcc 


MSF1 


GND 


MSF2 


GNO 



OL/DR I I I I I I I I I ft I 

0E UTJTJTJTJTJTJTJTJIJ^^ 

fd , : g 



Sample and 
hold circuits 



'tK I | SAMPLE jOUT | | SAMPLE |OUT| | SAMPLE | OUT | | SAMPLE {OUT | | l^jOUTj 1 \ 

B | | SAMPLE | |OUT | SAMPLE | | OUT | SAMPLE | |OUT | SAMPLE \ |OUT| |OUT| | 

C I I 1 SAMPLE IOUT1 | SAMPLE jOUTj | SAMPLE |OUT| | SAMPLE jOUTj SAMPLE |OUT| | 

D | | j SAMPLE 1 lOUTj SAMPLE | \ OUT | SAMPLE | lQUT| SAMPLE | | ft | SAMPLE | lOUTl 



D3k+i xxx x"^ ny^)^^ 

D3k+2 X X X X X vi^X^ 

D3k+3 X X X X X y^i^^ 

Ga-1 T~l ft. , 

Ga-2 T~l ft 

Ga-480 



ft- 



Video gg ^ 284 JJK]J~2*^^ 1 y 2 
DL/DR L I I I I I I I L-4-J 

oe UlJTJTJTJlJLnJTJl^^ 



FD 1 f t . — 

A | | SAMPLE jOUTj | SAMPLE jOUTl | SAMPLE |OUT 1 1 SAMPLE \ OUT 1 | | ft |OUT| | 
B I I SAMPLE | |OUT| SAMPLE | |OUTl SAMPLE | |OUT| SAMPLE 1 |OUT| T"ft I |OUT| 



Sample and 
hold circuits 



C > 1 1 SAMPLE 10UTI \ SAMPLE jOUTj I SAMPLE |OUT| | SAMPLE |OUTT"ft I SAMPLE |OUT| 1 

D I 1 1 SAMPLE | 10UTI SAMPLE | |OUT| SAMPLE \ I OUT I SAMPLE | | ft" 1 SAMPLE 1 lOUTj 



D3k+1 X X X X X ^lX^X^^^ 

D3k+ 2 XXX Y'l <y^^^ 
P3k+3 ZXZXZXZKZXSX^ 



G a -r 1 I 

Ga-2 : 1 I 



1068 



HITACHI 



HD66300T 



MODE10 


D/S 


Vcc 


L/F 


V cc 


MSF1 


Vcc 


MSF2 


V cc 



Video 21 ^ 22 J 23 



DL/DR 
OE 
FD 



_1 I I 1 I I 1 I 



4- 



. : % 



Sample and 
hold circuits 



'A I 1 SAMPLE I OUT | | SAMPLE! OUT | | SAMPLE | OUT | | SAMPLE 1 OUT 1 | I SV lOUTj | | 

B | 1 SAMPLE \ |OUT| SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | |OUT] f"fl I |QUT| "| 

C I 1 I SAMPLE |QUT| 1 SAMPLE |OUT| 1 SAMPLE IQUTj | SAMPLE |(HJtT^T"SAMPLE jOUTj 1 

D | 1 1 SAMPLE | lOUTj SAMPLE | lQUT| SAMPLE | |OUT| SAMPLE | \ § \ SAMPLE | |OUTl 



D3k+1 


X 


X 


X 


X 












D3K+2 


X 


X 


X 


X 










D3k+3 


X 


X 


X 


X , 



:vx2Xvy2Xvx2Xvy2X X" 



D3k+3 XXX X~y y^)(y^ 



Ga-1 
Ga-2 
Ga-480 



4- 



Video 28^ 284 Jl8^J^o^J□8^j^^ 

» 1 I I I I I I 



J 2 

U 



DL/DR 
OE 
FD 



4- 



UTJlJTJTJTJlJlJLnJT^^ 



4- 



Sample and 
hold circuits 



'A 1 1 SAMPLE fOUTl | SAMPLE |OUT| \ SAMPLE 1 OUT | j SAMPLE \ OUT | | | ft fOUTj | | 

B I I SAMPLE I I OUT | SAMPLE [ |OUT| SAMPLE 1 |OUT| SAMPLE I lOUTl T^l lOUTl 1 

C 1 I I SAMPLE lOUTl | SAMPLE 1QUT| | SAMPLE |OUT| I SAMPLE jOUTTft I SAMPLE IOUTJ *1 

D 1 I 1 SAMPLE j |OUT| SAMPLE | I OUT) SAMPLE | 1 OUT I SAMPLE \ | ffi 1 SAMPLE | |OUT| 



D3k+1 X X X X X vTTXv^Xvyiyv^^ 



D3k+2 XXX X"^ <yy2Xv^ 
D3k+3 X X X X X yylXv^yy^^ 



Ga-1 
Ga-2 
s Ga-480 



HITACHI 



1069 



HD66300T 



M0DE1 1 


D/S 


Vcc 


L/F 


Vcc/GND 


MSF1 


Vcc 


MSF2 


GNO 



Video 21 22 

DL/DR 

OE 
FD 



_j i i i » i i i 



. . 



Sample and 
hold circuits 



I I SAMPLE |OUT| | SAMPLE IOUT| | SAMPLE |OUT| | SAMPLE |OUT| | 




OUT! 1 I 




| | SAMPLE j |OUT| SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | |OUT| 


n\ 


|0UT| | 


1 I 1 SAMPLE IOUTI | SAMPLE |OUT| | SAMPLE |OUT| | SAMPLE IOU1 




SAMPLE |OUT| | 


I | | SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | 


TtT 


SAMPLE | IOUT| 



D3k+1 XXX X ~>ftn)<VyT^^ 
D3k+2 X X X X >5^X^^^ 
D3k+3 X X X X ) <^^^ 

n : : 



G a -1 
Ga-2 
Ga-480 



-9- 



-M- 



Video 284 J _^sJ J~^8^^ l8^ J^l8^y JjI^ ^ i-Tj—L. 

I I I I I I I I L_ty_l 



DL/DR 
OE 
FD 



UTJTJTJTJIJTJTJIJTJ^^ 

-ft- 



Sample and 
hold circuits 



A j I SAMPLE IOUTI 1 SAMPLE |OUT | | SAMPLE |OUT| | SAMPLE lOUTj \ | OUT.f I | 

B I t SAMPLE | IOUTI SAMPLE | lOUTj SAMPLE | |OUTj SAMPLE I |OUT| | ft I |OUT| "j 

C > I I SAMPLE IOUTI | SAMPLE lOUTj 1 SAMPLE IOUTI | SAMPLE lOuTT^ I SAMPLE IOUTI | 

D I I I SAMPLE | | OUT | SAMPLE | |OUT| SAMPLE | |OUTl SAMPLE 1 ~T\[ I SAMPLE | |OUf1 



D3k+i x x x x X y^XwX^ 



D3k+2 X X X X > X^Xvy2Xv^^^ 
D3k+3 X X X X ^ X^^^ 



Ga-1 
Ga-2 
^Ga-480 



1070 



HITACHI 



HD66300T 



M0DE12 


D/S 


Vcc 


L/F 


GND 


MSF1 


GND 


MSF2 


Vcc 



Video 21 ^ 22 J 23 \J 24 y 25 y 26 y 27 y 28 y 29 y 30 lj 262 |^ 263 264 
DL/DR 1 I I 1 | | I I I I 

0E LTUTJTJTJT-TUTJTJTJT^^ 

l 8 



Sample and 
hold circuits 



A | | SAMPLE |0UT| 1 SAMPLE | OUT 1 1 SAMPLE | OUT | | SAMPLE | OUT | | "T^ |OUT| 1 1 

B 1 1 SAMPLE | |OUT| SAMPLE | j OUT | SAMPLE | |OUT| SAMPLE | |OUT| I |OUT| ) 

C I I I SAMPLE IOUT1 1 SAMPLE |OUTj | SAMPLE |OUTl | SAMPLE |OUT| SAMPLE |OUT| | 

D | j | SAMPLE | jOUTj SAMPLE | |OUT[ SAMPLE | |OUT| SAMPLE | | ft | SAMPLE [ lOUTj 



D3k+i X X X X~X y^Xv^^^ 

D3k+2 xxx 

D3k+3 XXX X"") <^3Xv^^ 

Ga-1 T~l ft 

Ga-2 HI ft 

Ga-480 



Video ^ 284 J lIJJlsT^JTsT^^ 1 ur ±-^ 

DL/DR 1 I I I I I I I L_ty_J 

OE UTJIJUIJIJI^^ 



FD ' h - 

A 1 1 SAMPLE | OUTl 1 SAMPLE lOUTj \ SAMPLE | OUT | 1 SAMPLE \ OUT | | | ft I OUT I I "1 

B I I SAMPLE | | OUTl SAMPLE ) |OUT| SAMPLE 1 |OUT| SAMPLE I |OUT| T"ty I lOUTj "1 

C 1 I I SAMPLE I OUT I I SAMPLE |OUT| I SAMPLE |OUT| | SAMPLE lOUTT^ 1 SAMPLE |OUT| 1 

D I I I SAMPLE 1 | OUT | SAMPLE | lQUT| SAMPLE | jOUTl SAMPLE | ~V\\ \ SAMPLE | lOUTj 



Sample and 
hold circuits 



D3k+1 X X X X X vTiXv^XvTiyvyi^^ 
D3k+2 X X X X X wtfTW^^ 

D3k+3 xxx x~y v^Xv^xv7^^ 

Ga-1 _ 1 I ft 

Ga-2 1 I H 

\pa-480 I 1 



HITACHI 



1071 



HD66300T 



MO DEI 3 


D/S 


Vcc 


L/F 


GND 


MSF1 


GND 


MSF2 


GND 



Video i^-^^iiLpqjiiRp^^ 

DL/DR I I I I I I I I 1 <; ; 1 

<* UTJIJTJTJTJTJIJIJTJI^^ 

FD | : 8 



Sample and 
hold circuits 



A | | SAMPLE {OUT [ | SAMPLE | OUT | | SAMPLE j OUT | 1 SAMPLE | OUT | \ [OUT| 1 "] 

B 1 I SAMPLE | |OUT | SAMPLE 1 jOUTj SAMPLE 1 |OUT| SAMPLE | |OUT| jOUTj | 

C I 1 I SAMPLE IOUTI | SAMPLE |OUTl 1 SAMPLE |OUT| | SAMPLE lOUTT^ I SAMPLE |OUTj "1 

D 1 | 1 SAMPLE | jOUTj SAMPLE | jOUTj SAMPLE \ |OUT| SAMPLE | | \\ \ SAMPLE j jOUTj 



D3k+i xxx xT Xy^^ 

D3k+2 X X X X ytydtfrnXyr^^ 
D3k+3 X X X X X y^X^ 



Ga-1 
Ga-2 
Ga-480 



J L 



-4- 



Video ^ 284 J _ZS$j J~lsT\J ^ 1 u ___2_ 
I I I I I I I I L_^_JL 



DL/DR 



OE 



-4 



FD 




/ r 




A I 


Sample and 


B I 


hold circuits 


C 1 




D 1 







3 



I I SAMPLE IOUTI | SAMPLE jOUTj | SAMPLE |OUT| 1 SAMPLE lOUfT^ I SAMPLE |OUTj 1 
I | SAMPLE 1 |OUT| SAMPLE | |QUT| SAMPLE | |QUT| SAMPLE | | ^"TSAMPLE | jOUTl 



D3k+1 X X X X X wTX^X^fl^^ 

D3k+2 X X X X X y^Xv^^ 

D3k+3 XXX X"> ^3X^^^ 



Ga-1 
Ga-2 
kpa-480 



-«- 



1072 



HITACHI 



HD66300T 



M0DE14 


0/S 


Vcc 


L/F 


GND 


MSF1 


Vcc 


MSF2 


Vcc 



'Video 11^ 22 JZK3J~^nj~tn^ 263 u _JS L _ 

DL/DR I 1 1 1 I I I I I ( ( I 

OE 
FD 



4- 



Sample and 
hold circuits 



A | | SAMPLE | OUT \ j SAMPLE lOUTj | SAMPLE | OUT 1 | SAMPLE \ OUT 1 | I ffi |OUTj | \ 

B I | SAMPLE j {OUT | SAMPLE | 1 OUT | SAMPLE | jOUT \ SAMPLE | |OUTj 1 |OUT| "| 

C 1 I I SAMPLE | OUT) | SAMPLE |OUT| | SAMPLE |OUT| \ SAMPLE |OUT| SAMPLE |OUT| 1 

D I I I SAMPLE | |OUT 1 SAMPLE | jOUT] SAMPLE \ |QUT) SAMPLE | | ^ | SAMPLE 1 |OUf] 



^xlXVxlXVxlXVxlX XI 
Vx2XVx2XVx2XVx2X XI 



D3k+1 XXX X""X yxTXv^^ 
D3k+2 X X X X } &?XfrzXya^^ 

D3k+3 x x x x""> ^x^ 

m fi 



Ga-1 
Ga-2 
Ga-480 



4^- 



-8- 



Video 28^ 284 JM3J™nj~**nj^ T Lf -L. 

1111 _J I I I L_iL_J 



DL/DR 
OE 
FD 



4- 



Sample and 
hold circuits 



'A I I SAMPLE jOUTj | SAMPLE (OUT j | SAMPLE |OUT| | SAMPLE 1 OUT | | | ft |OUT| | 1 

B I I SAMPLE 1 1 OUT 1 SAMPLE \ jOUTj SAMPLE | |OUT| SAMPLE | jOUTj ~T% I lOUTj 1 

C 1 I I SAMPLE 10UTI 1 SAMPLE |OUT| 1 SAMPLE |OUT| | SAMPLE lOUT)"^ | SAMPLE |OUT| | 

D I I I SAMPLE | | OUT | SAMPLE \ jOUTj SAMPLE | |QUT| SAMPLE 1 ~T§ I SAMPLE \ \OUf\ 



D3k+i y x x x~X v7iXvyiX5^ 

D3k+2 X X X X 



D3k-t-3 xxx x~^ Xv^y^^ 



Ga-1 
Ga-2 
kpa-480 



J~ L 
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M0DE15 


D/S 


GND 


L/F 


V cc 


MSF1 


GND 


MSF2 


Vcc 



'video J\J1-JWJMIJ^^ 
DL/DR II 1 I I I I 1 I I I | ft | 

4^i_n_rLn 



OE 
FD 



Sample 
and 
hold 
circuits 



r fr 

A | jSAMPLEj OUT | SAMPLE I OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | fy| OUT | | 

B Not used 

C Not used 

D | | 1 SAMPLE | OUT 1 SAMPLE | OUT | SAMPLE | OUT | SAMPLE j OUT | SAMPLE | OUT \ ty| SAMPLE | 5UT] 




Ga-1 
Ga : 2 
Ga-240 



J L 



\ 



^1 



J L 




1 1 I 1 I | SAMPLE I OUT | SAMPLE \ OUT | SAMPLE j OUT | SAMPLE | WlSAMPLE I OUT 1 

Not used 




1074 



HITACHI 



HD66300T 



M0DE16 


D/S 


GND 


L/F 


Vcc 


MSF1 


GND 


MSF2 


GND 



Video JluJl-J^mj^lJI^^ 

DL/DR I | | | I 1 1 I I I I I 



-4- 



OE 
FD 



^OT_TL_Xl_n 



I I SAMPLE j OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | OUT \ SAMPLE | OUT | SAMPLE | fy| OUT | | 

Not used 




Ga-1 
Ga : 2 
Ga-240 



J L 



J L 



\ 






s 
A 


I I I 


I | | SAMPLE | OUT | SAMPLE | OUT 


SAMPLE | OUT | SAMPLE | 


\\ | SAMPLE | OUT 


Sample 
and 


B 


Not used 








hold 
circuits 


C 


Not used 











I I 1 


I | SAMPLE 1 OUT | SAMPLE 1 OUT | SAMPLE 


OUT | SAMPLE | OUT | 


\\ 1 OUT | 



Ga-1 
Ga : 2 
Ga : 240 




J 1 



J L 



J L 



HITACHI 



1075 



HD66300T 



M0DE17 


D/S 


GNO 


L/F 


Vcc 


MoFI 


Vcc 


MSF2 


Vcc 





Video 




DL/DR 




OE 




FD 




Sample 




and 




hold 




circuits 


field 




First 


D3k+1 



I I I I I I I I I I I I ft I 



» 

1 I SAMPLE I OUT {SAMPLE | OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE j ^ j OUT | | 

Not used 




Ga-1 
Ga-2 
Ga-240 




Sample 
and 
hold 
circuits 



Ga-1 
Ga : 2 
Ga-240 



I I I I I | SAMPLE I OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE \ \\ | SAMPLE | OUT | 

Not used 

Not used 

i r 



T I I SAMPLE I OUT | SAMPLE I OUT I SAMPLE I OUT ISAMPLEj OUT | ^TOUT I 1 

D3k+i X X X X X X )CW)Cw^WY~^ X 

D3K+2 x xx x x x x^3<*dcm3^^ st 

D3k+3 x x x x x x yy^rY^pf^Y^^^ w x vx3 x x 



J L 



-Vr 



\ 



J L 
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M0DE18 


D/S 


GND 


L/F 


GND 


MSF1 


GND 


MSF2 


Vcc 



Video M.sJn-JZ^ 

DL/DR I 1 I i I 1 1 I I 1 < I I 

4vri_n_rL_n 



OE 
FD 

Sample 
and 
hold 
circuits 



-ft- 



A \ | SAMPLE | OUT |SAMPLE | OUT | SAMPLE | OUT | SAMPLE \ OUT | SAMPLE | OUT | SAMPLE | fy| OUT | | 

B Not used 

C Not used 

D | | | SAMPLE | OUT | SAMPLE 1 OUT \ SAMPLE | OUT | SAMPLE | OUT | SAMPLE | OUT | fy| SAMPLE | 6UT~\ 




\ 



Ga-1 
Ga : 2 
Ga : 240 



J L 




Sample 
and 
hold 
circuits 



Ga-1 
Ga : 2 
Ga : 240 



I I I 


I | | SAMPLE I OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | 


\\ | SAMPLE | OUT | 


Not used 






Not used 






I I I 


1 I SAMPLE I OUT | SAMPLE I OUT | SAMPLE I OUT | SAMPLE | OUT | 


V> 1 OUT | | 




J L 
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MODE 19 


D/S 


GND 


L/F 


GND 


MSF1 


GND 


MSF2 


GND 



DL/DR I I I I 11111111 




Ga-1 
Ga : 2 
Ga : 240 



J L 



J L 




Sample 
and 
hold 
circuits 



1 1 1 


1 1 1 SAMPLE! OUT j SAMPLE 1 OUT | SAMPLE | OUT | SAMPLE I 


Yi | SAMPLE | OUT | 


Not used 






Not used 






1 1 1 


1 | SAMPLE 1 OUT | SAMPLE 1 OUT I SAMPLE I OUT | SAMPLE I OUT | 


\\ 1 OUT | | 




Ga-1 
Ga-2 
Ga-240 



J L 
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MODE20 


D/S 


GNO 


L/F 


GND 


MSF1 


Vcc 


MSF2 


Vcc 



f video i^sJi^mjmj^ 

DL/DR i I I I I I I I > 1 1 I « I 




Ga-1 
Ga : 2 
Ga : 240 



J L 




Sample 
and 
hold 
circuits 



i 1 1 


1 I I SAMPLE I OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | 


\\ | SAMPLE | OUT | 


Not used 






Not used 






I 1 1 


1 I SAMPLE I OUT | SAMPLE I OUT | SAMPLE 1 OUT | SAMPLE I OUT | 


\\ 1 OUT | | 




Ga-1 
Ga-2 
Ga : 240 



r — L 



J L 
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NTSC System TV Signals and LCD 

A TV screen display, which is updated 30 times per 
second, is called a "frame" and is composed of 525 
scanning lines. One frame contains two fields; scan- 
ning lines 1 to 262.5 scan the display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
"interlace scan." 

The time period in which one scanning line scans the 
display is called a "horizontal scanning period" and is 
about 63.5 (is. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the "valid display period". The 
other period is called the "horizontal retrace period". 

There are two modes for displaying a TV screen image 
on an LCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panel; thus, each of the 240 lines of the panel are driven 
by the positive signal in the first field and by the 
negative signal in the second field. Here, 30-Hz alter- 
nating frequency is available, but the number of ver- 
tical pixels is limited to 240. 

(Single-rate sequential drive mode) 

In the second mode, every other line of the LCD panel 
can be driven by the first field and the remaining lines 



can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is recog- 
nized that the pixel is driven by signals with opposite 
polarity every frame. This lowers the alternating fre- 
quency to 15 MHz, which is only half of the frame 
frequency. Driving LCD elements with signals of such 
low alternating frequency causes flickering and de- 
grades display quality. To raise the alternating fre- 
quency to 30 MHz, a method can be employed in 
which LCD elements are driven once every field in- 
stead of once every frame. 

Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 

Employing this method enables the implementation 
of 480 vertical pixels. 

(Double-rate sequential drive mode) 



23 



25 



285 
286 
287 



I 

262 



I 

523 



524 



Scanning line No. 
in the 1st field 



Scanning line No. 
in the 2nd field 



Figure 24 Example of NTSC System TV Signals Scanning 
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23 A- 

24 D- 

25 A- 



260 D- 

261 A- 

262 D" 



Scanning line No. 
in the 1st field 



2nd line 



3rd line 



238th line 



239th line 



240th line 



-D 286 
-A 287 
-D 288 



-A 523 
-D 524 
-A 525 



Scanning line No. 
in the 2nd field 



Figure 25 Middle-Resolution Display by Single-Rate Sequential Drive Mode 



2nd line 



P 

a 



1 1 — » 



Scanning line No. 
in the 1st field 



237th line 



- — 1 1 

- — i r 



525 



Scanning line No. 
in the 2nd field 



Figure 26 High-Resolution Display by Double-Rate Sequential Drive Mode 
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Absolute Maximum Ratings 

Item Symbol Ratings Unit Remarks Note 



Power suodIv for 


y cc 


-0 3 to +7 


v 


lociic unit 

IWUIW Ul III 








Pnu/or ci mnl\/ fnr 
ruwBi ou|j|jiy imi 


w 

BB 


V — 23 to V 4.03 
V CC 10 V CC + U,J 


w 

V 


analnn unit 

arioiuy unii 








input vuiiayu iui 


V TC 


_fi O fn W j. O 3 

— VJ.O lO *qq+ 


V 3 

V O 


iuyiv« Uf III 








llipui vuilel^o list 


w 
TB 


\/ — 3 to V a. 3 
V BB U ^ IO V CC + 


V *t 


analog unit 








Operating 




-20 to +75 


* C Applies to logic circuit 


temperature 




-10 to +60 


* C Applies to analog circuit 


Storage 


^stg 


-40 to +125 


°C 


temperature 








LCD level voltage 


V LCD 


V BB toV cc +0.3 


V 


Notes: 1. Value referred to GND = V. 

2. If LSIs are used above absolute maximum ratings, they maybe permanently destroyed. Using them 
within electrical characteristics limits is strongly recommended for normal operation. Use beyond 
these conditions will cause malfunction and poor reliability. 

3. Applies to pins HCK1, HCK2, HCK3, DL„DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, 
TEST2, Vbo, VbsH, and VbsB. 

4. Applies to pins Vxl, Vx2, Vx3, Vyl, Vy2, and Vy3. 
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Electrical Characteristics 



DC Characteristics (V LCD = v cc 


= 5V±10% / GND = 


ov,v cc -v BB = 


16to20V,Ta 


- -20 to +75 °C) 








Hem 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 






Notes 


Input high-level voltage 


V ,H 


07V cc 




v 

v cc 


v 








3 


Input low-level voltage 


V .L 


GND 


— 




w 

V 










Output high-level voltage 


V OH 


V cc- 04 


— 




V 


-l OH = 0.3 mA 






4 


Output low-level voltage 


V 








V 


1 — ft Q mA 
Iq^ = KJ.o iTlM 








Input leakage current (1 ) 




-10 


— 


+10 


uA 


V = V V 

V I u v * v cc 






1 


Input leakage current (2) 




-10 


— 


+10 


MA 


V = V V 

v l BB' V CC 






2 


Output current (1) 


'out 






-150 


uA 


V -V = 20 V Dk = V -05V 
V CC BB * u v U v in u '° v 


OE 


v cc 


5 








— 


-10 


UA 


AddIv V. to Vx and Vv. 


OE = 


=GND 




Output current (2) 


>.N 


+150 






MA 


V bo = V CC- 3V DK = V in + 0.5V 


OE 


= V cc 








+10 






(iA 


V bsH = V cc- 3V 

V bsB = V CC- 3V 


Ut 


=OlNU 




Current consumption 


'gnd 


— 


— 


3.0 


mA 


f d| -i5MHz.V h0 -V cc -3V 






6 








15 


oU 


mA 


V bsH = V CC 3 V ' V bsB " V CC 3 V 
OE = 33 kHz 

FD = 30 Hz 

OE duty = 7/32 








Bias voltage 




v cc" 40 


V 


-3.0 — 


V 


V = V = V 
v bo v bsH v bsB, 

C L =100 pF, t DDR ^6.3 US 








Dynamic range 


V 

DY 


V BB + 15 




v cc- 35 v 


V CC- V BB = 20V ' 









t 

X 



T =-10 to +60 8 C 
a 

-0.5V<V off <+0.5V 

V = V = V = V - 3 V 
v bo v bsH v bsB V CC ov 



5, 7,9 



§ DC Characteristics (V LCD = v cc = 5 v ±10%, gnd = o v, v rr - v RR = 16 to 20 v, Ta = -20 to +75 °o (Cont.) 



CC ' BB " 



Stem 


Symbol 


Min Typ 


Max 


Unit 


Test Conditions 






Notes 


Offset voltage 


V off(L) 


-5-180 — 


-5 + 180 


mV 


V CC- V BB = 20V 

T a = -10to + 60°C 


V in = 


-11 V 


5, 8,9 




V 

v off(H) 


+55-180 — 


+55 + 180 


mV 


f ck = 2.5MHz 

V = V = V 
v bo v bsH y bsB 

= V CC" 3V 


V in = 


-1 V 





X 

u 

CO 

o 
o 



t 

X 



Notes: 1. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, TEST2, V^, V^, and V^. 

2. Applies to pins Vxl, Vx2, Vx3, Vyl, Vyl, and Vy3. 

3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, and TEST2. 

4. Applies to pins DL and DR. 

5. Applies to pins D1-D120. 

6. The shift register is constantly shifting one 1 . 

Mode setting: L/F = V cc , D/S = V cc , MSF1 = GND, MSF2 = V cc 

(The other input pins must be V cc or GND level.) 

7. The operations are the same as those when offset voltage is measured . 

8. Definition of "offset voltage" is shown figure 27. 

9. These characteristics are defined within the temperature which is shown in the test condition. 
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AC Characteristics (V LCD = v cc = 


5V±10%, GND 


= °v,v cc -v B 


B = 16 to 20 V, T a = -20 to +75°C) 


Kern 


Symbol 


Min 


Max 


Unit Test Condition Notes 


Three-phase clock period 


*CKCK 


210 


1000 


ns 


Three-phase clock 
pulse width 


^WL 


100 




ns 


Interval between three-phase 
clock falling edge and rising 
edge 


<H 
\l 
<W 


30 


— 


ns 1 


Interval between three-phase 




20 




ns 2 



clock rising edge and falling 
edge 



Clock rise and fall times t ct — 30 ns 



DL, DR input setup time 




50 




ns 




DL, DR input hold time 




20 




ns 




DL, DR output delay time 






90 


ns 


C L «15pF 


DL, DR output hold time 


Wo 


5 




ns 




OE input period 


^YCO 


30 


80 


U.S 




OE input high-level pulse 
width 




3 


15 


M-3 




OE rise and fall times 


> 




30 


ns 




FD input setup time 




100 




ns 




FD input hold time 


Vh 


100 




ns 





Notes: 1 . Necessary for preventing the three-phase shift register from racing. 

2. t rf must satisfy the DR and DL input hold time (tjjy) of the next horizontal driver. 
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Figure 27 Offset Voltage 




Figure 28 Three-Phase Clock Timing 
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HCK1 



HCK2 



HCK3 



DL 
DR 

(OUTPUT) 



DL 
DR 

(INPUT) 



J V 



\ r 



j v 



0.3V C c 



f 



0.7V CC - 
0.3V C( 



0.7V C 
0.3V CC 



J \ r 



\ / v 



Figure 29 Input and Output Timing 



OE 



FD 



-T 0.7V CC + 
jf 0.3V CC ^ 



tpwH 



tot 



J" 



^e7 L 0.7V c < 
7 ^ r Q,3V C( 



D1M)120 



-90%(Vin=V cc -3.5V) 



•10%(Vin=V BB +1.5V) 



\_ 



Figure 30 OE, FD Input Timing, Driver Output Timing 
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(TFT-Type LCD Driver for VDT) 

Description 

The HD66310T is a drain bus driver for TFT-type 
(thin film transistor) LCDs. It receives 3-bit digital 
data for one dot, selects a level from eight voltage 
levels, and outputs the level to an LCD. 

The HD66310T can drive an LCD panel with an 
RGBW filter to display a maximum of 4096 
colors. 



Features 

• Full color display: a maximum of 4096 colors 
RGB color filter 512 colors, 8 gray scales 
RGBW color filter: 4096 colors, 8 gray scales 



Ordering Information 








Type No. 


Max. Operating 
Clock Frequency 


Power Supply 
for Logic Unit 


Operating 
Temperature 


Package 


HD66310T00 


12 MHz 


5 V±10% 


-20 to +75°C 


203-pin TCP 


HD66310T0015 


15 MHz 


5V±5% 


-20 to +65°C 





Note: The details of TCP pattern are shown in "The information of TCP." 



High-speed operation 
Number of input data bits: 3 bits x 4 
Maximum operation clock frequency: 

— 12MHz(HD66310T00) 

— 15MHz(HD66310T0015) 
Maximum pixels: 480 x 640 dots 
160 internal driver circuits 
Bidirectional shift 

Internal chip enable signal generator 
Stand-by function 

LCD driving voltage: 15 V to 23 V 
CMOS process 
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Pin Arrangement 



Y2 Y4 Y6 Y8 
Y1 Y3 Y5 Y7 



Y154Y156 Y158 Y160 
Y153 Y155Y157Y159 





(Top view) 



Note: This does not apply to TCP dimensions. 



1 VOL 


22 DMY1 


2 V1L 


23 D20 


3 V2L 


24 D21 


4 V3L 


25 D22 


5 V4L 


26 D23 


6 V5L 


27 DMY2 


7 V6L 


28 CL1 


8 V7L 


29CL2 


9 Vcc, 


30 BS 


10 Vcc 2 


31 SHL 


11 EI01 


32 EI02 


12 RVS 


33 TEST 


13 D00 


34 GNO 


14 D01 


35 Vee 


15 D02 


36 V7R 


16 D03 


37 V6R 


17 DMYO 


38 VSR 


18 D10 


39 V4R 


19 D11 


40 V3R 


20 D12 


41 V2R 


21 D13 


42 V1R 




43 VOR 



Pin Description 
Pin List 



Pin Name 


Number of Pins 


Input/Output 


Functions (Refer to) 


Vcc1.'Voo2" 


2 


Power supply 


1. 


GND 




Power supply 




Vee 




Power supply 




V0L-V7L, 
V0R-V7R 


16 


Power supply 


2. 


CL1 




input 


3. 


CL2 




Input 


4. 


D00, D10, D20, 
to 

D03, D13, D23 


12 


Input 


5. 


RVS 




input 


6. 


SHL 




Input 


7. 


EI01.EI02 


2 


Input/output 


8. 


TEST, BS 


2 


Input 


9. 


Y1-Y160 


160 


Output 


10. 


DMY0-DMY2 


3 




11. 
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Pin Functions 

1. V C cl, Vcc 2 > GND, V EE : These pins are used 
for the power supply. 

V<x-GND' Power supply of low voltage 
V<x-Vee* Power supply of high voltage 

2. V0L-V7L, V0R-V7R: 8-level LCD driving 
voltage is applied to these pins. One of the eight 
levels is selected according to the value of the 3-bit 
input display data. The L and R pins of the same 



voltage level are connected in the driver. 

3, CL1: Inputs clock pulses, which determine the 
output timing of the LCD driving voltage. The 
output changes at the CL1 rising edge. 

4. CL2: Inputs clock pulses, which determine the 
input timing of display data. The driver samples 
data at the CL2 falling edge. 



Table 1 


Voltage Level Selection According to Display Data Value 






Display Data 






Voltage Level 


D2j 


D1J 


DOj 


RVS = 1 


RVS = 











vo 


V7 








1 


V1 


V6 





1 





V2 


V5 





1 


1 


V3 


V4 


1 








V4 


V3 


1 





1 


V5 


V2 


1 


1 





V6 


V1 



1 1 1 V7 VO 



V CC 






+ 


GND 






Vee 




1 





+ 



Figure 1 Power Supply for the Device 
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or output When the chip enable input signal is 
low, data input starts. When display data corre- 
sponding to 160 outputs are input, the chip enable 
output signal changes from high to low. 

9. TEST, BS: Used for test purposes only. 
Connect to a low level for normal operation. 

10. Y1-Y160: Output LCD driving signals. 

11. DMY0-DMY2: Reserved pins that should be 
left open. 



Table 2 Input/Output Selection for EIOl and 
EI02 



SHL 


EIOl 


EI02 


GND 


Input 


Output 


Vcc 


Output 


Input 



5. D00-D03, D10-D13, D20-D23: Input display 
data. See table 1 for the voltage level selection by 
the display data. 

6. RVS: Determines if logical I/O display data is 
reversed. Display data is reversed when RVS is 
low. 

7. SHL: Selects the shift direction of display data. 

8. EIOl, EI02: Inputs/outputs chip enable sig- 
nals. The SHL signal selects which pin is for input 



SHL 



Output Direction 



GND 



i = 0-2 
DiO 
DM 
Di2 
Di3 

(12 bits) 



1st 



603,613, d23 



d02, d12, d22 



d01, d11 f d21 



d00,d10, d20 



d03, d13, d23 



d02,d12, d22 



d01,d11, d21 



d00,d10, d20 



Y1 
Y2 
Y3 
Y4 



Y157 
Y158 
Y159 
Y160 



Vcc 



i«0-2 
DiO 
Di1 
Di2 
Di3 

(12 bits) 



Last 



d00 t d10, d20 



d01,d11 f d21 



d02, d12, d22 



d03, d13, d23 



d00,d10, d20 



d01.d11.d21 



d02. d12. d22 



d03. d13, d23 



Y1 
Y2 
Y3 
Y4 



Y157 
Y158 
Y159 
Y160 



Figure 2 Display Data and Output Direction 
HITACHI 
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Internal Block Diagram 



VOL, V1L 
V2L, V3L _ 
V4L, V5L - 
V6L, V7L 

Vcc1.Vcc2- 

GND 

V EE 



Y1 Y2Y3Y4Y5 

ttttt 



Y156 Y158 Y160 
Y157 Y159 



ttttt 



' Test circuit 



TEST- 
WS - 
CL1 - 
BS . 



Data reverse 
circuit 



DOO, D10, D20 
D01.D11.D21 

D02, D12, D22 rl 

D03, D13, D23 

SHL 

CL2 




yl~ VOR. V1R 
N- V2R. V3R 
V4R, V5R 
V6R, V7R 



Latch circuit (1) 

e^ww^it -fttftf 



TZ 



EIOI ■ 
EI02 



Latch address selector 



□ 



I/O control 
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Block Functions 

Latch Address Selector: Contains a 6-bit up/ 
down counter and a decoder, and sends the latch 
signals to latch circuit (1) at the CL2 falling edge. 

Data Reve rse Ci rcuit: Reverses the input display 
data when RVS = 0, and does not reverse data 
whenKVS = 1. 

Latch Circuit (1): Consists of three planes of 
160-bit latch circuit. Each bit of 3-bit data is sepa- 
rately latched in its corresponding plane depending 
on its significance. Each plane is divided into 
forty 4-bit blocks, and all four bits are latched into 
the block at once, as specified by the latch signal 
from the address selector. In total, the 3-plane cir- 
cuit latches 12 bits of data at one time. 



Latch Circuit (2): Consists of three planes of 
160-bit latch circuit, which latches the data from 
latch circuit (1) at the timing determined by CL1, 
and holds the data for one line scanning period. 

Level Shifter: Raises the driving voltage of 5 V 
to the appropriate LCD driving voltage. 

LCD Driving Circuit: Outputs an 8-level LCD 
driving voltage. This circuit receives 3-bit data for 
one dot from latch circuit (2) and selects one level 
from eight voltage levels. 

Test Circuit: Generates test signals. 
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System Configuration 

A block configuration of the TFT-type color dis- 
play system using the HD66310 is shown in figure 
3. 

The HD663 10 receives 3-bit data for one pixel and 
selects one of the eight LCD driving voltage levels 
to send to the LCD. The LCD driving output 



circuit, which is produced by the CMOS structure, 
can use any LCD driving voltage level from V C c 
to V E g. When the LCD panel uses an RGB color 
filter (the Triad arrangement), 512 (8 3 ) colors can 
be displayed. When using an RGBW color filter 
(the Quad arrangement), 4096 (8 4 ) colors can be 
displayed. 



CPU 



Controller 



Control signal 



Display data 



✓12 



Line synchronization signal, data sampling 
3 ^alternating signal 



12, j bits x 4 pixels 



' Frame synchronization signal, 
line synchronization signal 



HD61105 
No. 1 




HD61105 
No. 6 



80 



/'Vcc, V EE 



LCD driving 
power source 



4^ 



By V0-V7 





, T i 

HD66310 
No. 1 




HD66310 
No. 2 




u <r u 

HD66310 
No. 6 







TFT-type color LCD panel 
Triad arrangement 
512 colors 
640 x 480 pixels 



12 





HD66310 




HD66310 




HD66310 




No. 7 




No. 8 




No. 12 



Figure 3 TFT-Tppe Multiple Color Display System 
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Internal Operation 



8-Level Output 

The HD66310 internal circuit unit for one data out- 
put is shown in figure 4. The circuit receives 3-bit 
data (DOj, Dlj, D2j) and selects one of eight volt- 
age levels (V0-V7) to output to the LCD. 

The transfer gates of the output circuit are pro- 
duced by the CMOS structure. Therefore, any 
voltage level between V cc to Vee can be applied 
to lines VO to V7. 

The HD663 10 has 160 of the above circuits. 
Operation Timing 

The HD66310 operation timing is shown in figure 
5. 

When the SHL signal is at the GND level, data 
input is started by a low EIOl (data input enable) 



signal. At the CL2 falling edge, 12 bits of data, 
which are for four outputs (3 bits for gray scales x 
4 outputs), are input together. When the data input 
corresponding to 160 outputs are completed, the 
HD66310 automatically enters the stand-by mode, 
and the EI02 signal changes to low. 

The LCD driving output changes at the CL1 rising 
edge. The voltage level selected by data dl is out- 
put from pin Yl, and the level selected by dl60 is 
output from Y160. See table 1 for the voltage 
level selection by the input data. 

When the SHL signal is at the V cc level, data 
input is started by a low EI02 signal. When the 
data input for 160 outputs are completed, the EIOl 
signal changes to low. The voltage level selected 
by data dl is output from pin Y160, and the level 
selected by dl60 is output from Yl. 



Yn 



1 



P: P-MOS 
N: N-MOS 



V7_ 



V6. 



V5. 



V4. 



V3. 



V2. 



VI. 



V0- 



[n pIn pHsj pTn p!n pIn p]n p]n 

i a a a a a a a 



JJJJJJJJ 



CL1 



Voltage level selector 

t t ZT 



CL2- 



Latch circuit (2) 

t t 



Latch circuit (1) 



RVS- 



Display data Display data Display data 
(DOj) (D1j) (D2j) 



Figure 4 LCD Driving Circuit 
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CL1 




n_ 


cL2 _JT_n_rLTLn 

1 2 3 4 5 


_Ji_j~i_rLTLn_ 
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DOO 






to 

D03 
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)(il4l)^14^^ 


D11 
to 


"oTYlsYdliYa^eY 

A A A A 


^4^n48)fil5^ 
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D13 




%H4l)fi4^^^ 


D20 
to 

D23 

(Upper bit) 


]3®®®(Z III 


$144)^^ 


^D@®®C ZZZ 


)^M4l)^14e^^ 


SHL . GND 






EI01 I 








EI02 | 


Y1 






to 


Y160 




Xd160 


SHL = V CC 






EI02 • I 








EI01 I 


Y1 




X d160 


to 


Y160 









Figure 5 Basic Operation Timing Chart 
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Cascade Connection 

When the SHL signal is at the GND level, the 
HD66310 begins to input data when the EIOl sig- 
nal goes low. When the data input is completed, 
the EI02 signal changes to low. By connecting the 
EI02 pin of the first HD66310 to the EIOl pin of 
the next HD66310, the low EI02 signal activates 



the next HD66310. Figure 6 shows a connection 
example. 

When the SHL signal is at the V cc level, the EI02 
pin of the first HD66310 is connected to GND, and 
the EIOl pin is connected to the next HD66310 
EI02pin. 



DATA f-^ 

CL2 



SHL 

Driver 1 
EIOl EI02 



SHL 

Driver 2 
EI01 EI02 



SHL 

Driver 3 
EIOl EI02 



77T 



Eior 

CL2 
EI02* 



JTJHJTJTTl 



Driver 2 input enabled 



Driver 2 
signals 



Figure 6 Chip Enable Operation (SHL = GND) 
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LCD Driving Power Supply Circuitry 

Multiple-Level Driving Voltage Method 

AC voltage must be applied to the LCD, since DC 
voltage deteriorates the LCD. To display eight 
gray scales, 16 voltage levels, shown in figure 7, 
must be applied. 

Although the HD66310 has eight LCD driving 
voltage input levels, it can output 16 driving volt- 
age levels using the level selector shown in figure 
8, since the transfer gates of the output circuit are 
produced by the CMOS structure. 

External Power Supply Circuitry 

Figures 8 and 9 show the external power supply 
circuit when displaying 512 colors in the Triad 



arrangement, and figure 10 shows the circuit for 
displaying 64 colors in the Triad arrangement 
Table 3 shows the specifications of the LCD panel 
and the HD66310 pins for each power supply cir- 
cuit. 

The circuit shown in figure 8 is the basic one used 
when displaying 512 colors in the Triad arrange- 
ment. However, the HD66310 can dispense with 
the level selector, as shown in figure 9, using the 
internal RVS (output reverse) pin. See table 1 for 
detailed RVS functions. 

When displaying 64 colors in the Triad arrange- 
ment, the RVS pin functions as the alternating sig- 
nal input pin, as shown in figure 10. 
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Figure 7 HD66310 Output Waveform 
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Table 3 Color Display and Pin Specifications 



Output 






Display Data 






rower ouppiy 


Level 


Panel Spec. 


Di2 


DM 


DI0 


RVS pin 


(Refer to) 


8x2 


Quad: 4096 colors 


1/0 


1/0 


1/0 


1 


Fig. 8 


(AC) 


Triad: 512 colors 


(upper bit) 




(lower bit) 






8x2 


Quad: 4096 colors 


1/0 


1/0 


1/0 


Alternating 


Fig. 9 


(AC) 


Triad: 512 colors 


(upper bit) 




(lower bit) 


signal 




4x2 


Quad: 256 colors 


1 


1/0 


1/0 


Alternating 


Fig. 10 


(AC) 


Triad: 64 colors 




(upper bit) 


(lower bit) 


signal 





1: V cc level voltage 
0: GND level voltage 



Alternating 




Figure 8 External Power Supply Example 1 
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VeeO 



Figure 9 External Power Supply Example 2 



Alternating 
signal 



VccO 




V7 




V6 


RVS 


V5 






Di2 


V4 






Di1 


V3 






DiO 


V2 




V1 




VO 





■I/O 
■I/O 



Figure 10 External Power Supply Example 3 
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Design for Timing 

When using the RVS pins to simplify the power 
source, as shown in figures 9 and 10, it is recom- 
mended to add a vertical retrace period, (a scan- 
ning period in which no scan electrode is selected) 
at the end of a frame scanning period, as shown in 
figure 12, for the following two reasons. 

• As shown in figure 4, the data reverse circuit is 
before the latch circuit (1). The LCD driving 
output is reversed one CL1 period after a 
transition of the RVS signal, as shown in figure 



11. However, the power supply lines immedi- 
ately reverses polarity after a transition of the 
RVS signal, as shown in figures 9 and 10. 
Therefore, the HD66310 outputs invalid data 
during the last CL1 of a frame period. 

• In the power supply circuits shown in figures 9 
and 10, voltage temporarily becomes unstable 
just after the RVS transition, causing the LCD 
display to become jumbled. 




Figure 11 KVS and LCD Driving Signals Timing 



Frame synchronization signal _J |_ 



. One frame period - 



J~~l_ 



Vertical 



Line synchronization signal (CL1) |~ | Line 1 ( ~| | | Line480 I I retrace period |~ | 
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Scanning electrodes 
(HD61105) 



X1 



X2 



^ — 



X480 



HD66310T Y1-Y160 




















J v, 










Invalid data 

Figure 12 Vertical Retrace Period 
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Notes: 1 . An operational amplifier should be installed on each level of the power supply line (V0-V7) to lower the impedance. 

2. Condensers should be installed near the ICs to stabilize the power suppty voltage. 

Two 0.1 -uF condensers are recommended to be installed on one IC: one between V cc and GNO, and one between V cc and V K . 

3. This system uses 12 HD66310T chips and 12 HD61 105 chips. 



Figure 13 Application System Connection Example 
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Figure 14 Timing Chart 
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Absolute Maximum Ratings 








Item 


Symbol 


Ratings 


Unit 


Notes 


Power supply for 
logic unit 


Vcc 


-0.3 to +7.0 


V 


2 


Power supply for 
LCD driving unit 


Vee 


Vcc ~25 to Vcc + 0.3 


V 




Input voltage (1) 


Vti 


-0.3 to Vcc + 0-3 


V 


2, 3 


Input voltage (2) 


V T2 


V EE - 03 to v cc + 0-3 


V 




Operating temperature 


"^opr 


-20to+75(HD66310T00) 
-20 to +65 (HD66310T0015) 


°c 




Storage temperature 


^3tfl 


-40 to +125 


°c 





Notes: 1 . Exceeding the absolute maximum ratings could result in permanent damage to the LSI. The 
recommended operating conditions are within the electrical characteristic limits listed on the 
following pages. Exceeding these limits may cause malfunctions and affect reliability. 

2. Values are in reference to GND » V. 

3. Applies to input pins SHL, CL1 , CL2, BS, RVS, TEST, and D00-D23. Also applies to input/ 
output pins EI01 and EI02 when these pins function as input pins. 
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Electrical Characteristics 



DC Characteristics 

(V C c = +5 V ±10%, GND = V, V cc - V EE = 15 to 23 V, T a = -20 to +75°C in 12 MHz version) 
(V C c = +5 V ±5%, GND = V, V cc - V EE = 15 to 23 V, T a = -20 to +65°C in 15 MHz version) 



Item 


Symbol 


Min. Typ. 


Max. 


Unit 


Test Conditions 


Notes 


LCD driving power 
supply voltage 


Vcc-Vee 


15 


23 


V 




1 


Input high-level 
voltaae (1) 


V|H1 


0.8 x V cc 


Vcc 


V 




2 


Input low-level 
voltage (1) 


V,L1 





0.2 x V cc V 




2 


Input high-level 
voltage (2) 


V,H2 


0.75 x 
v cc 


Vrr 


v 




3 


Input low-level 
voltage (2) 


V,L2 





0.25 x 
Vcc 


V 




3 


Output high-level 
voltage 


VOH 


V CC "0-4 




V 


'oh =s —0.4 mA 


4 


Output low-level 
voltage 


Vol 




0.4 


V 


Iql * 0.4 mA 


4 


Input leakage 
current (1 ) 


In 


-5.0 


+5.0 


U.A 


V| N = V cc toGND 


5 


Input leakage 
current (2) 


"L2 


-10 


+10 


u-A 


v iN - V C c to GND 


6 


Input leakage 
current (3) 


«L3 


-100 


+100 


u.A 


V| N -V cc toV EE 


7 


LCD driver on 
resistance 


RON 




2.5 


kfl 


Vcc-Vee = 20 V 


8 


Current 

consumption (1 ) 


-Ipi 




25 
30 


mA 
mA 


Data fetch 12 MHz 
Data fetch 15 MHz 


9,11 


Current 

consumption (2) 


-lp 2 




2 

2.5 


mA 
mA 


Stand-by 12 MHz 
Stand-by 15 MHz 


9, 11 


Current 

consumption (3) 


-, P3 




3 

3.7 


mA 
mA 


12 MHz 
15 MHz 


10, 11 



Notes: 1 . Voltage between Vcc anc * Vee-_ 

2. Applies to CL1 , CL2, SHL, Dij, RVS, TEST, and BS. 

3. Applies to EI01 (input) and EI02 (input). 

4. Applies to EI01 (output) a nd EIQ 2 (output). 

5. Applies to CL1 , CL2, SHL, RVS, Dij, TEST, and BS. 

6. Applies to EI01 (input) and EI02 (input). 

7. Applies to VOL to V7L and V0R to V7R. 

8. Applies to Y1 to Y1 60. 

9. Current between V C c and GND under the conditions of V !H - V C c» V !L = V, and no load on the 
output pins. 

1 0. Current between Vcc an d Vee under the conditions of Vjh - Vcc. V|l » V, and no load on the 
output pins. 

11. f C L2 ana " feu are 15 MHz » 37 - 5 kHz respectively in 15 MHz version. 
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AC Characteristics 

(V C c = +5 V ±10%, GND = V, T a = -20 to +75°C in 12 MHz version) 
(V C c = +5 V ±5%, GND = V, T a = -20 to +65°C in 15 MHz version) 



Item 


Symbol 


Min. Typ. 


Max. 


Unit 


Test Conditions 


Notes 


Clock period 


*CYC 


83 (66) 




ns 




1 


Clock high-level 

r\M lea width 

|^UIwO W IV III 


tcWH 


30 (23) 




ns 




1 


v/iociv luw-ievei 

pulse width 


*CWL 


OU \COf 




ns 




i 


rSeA limA 

wiock rise lime 


* 

T R 




i \j \ i \j) 


ns 




o 
c. 


Clock fall time 


tF 




10(10) 


ns 




2 


Clock setup time 


tell 


100(100) 




ns 




2 


Clock hold time 


t H 


100(100) 




ns 




2 


Data setup time 


*DSU 


20(10) 




ns 




3 


Data hold time 




30 (25) 




ns 




3 


Enable input 
setup time 


fesu 


20(10) 




ns 




4 


Enable output 
delay time 


tED 




53 (46) 


ns 


See figure 16 
for test load 


4 


CL1 high-level 
pulse width 


*WH 


100(100) 




ns 




5 


RVS setup time 


tosu 


50 (50) 




ns 




6 


RVS hold time 


*rh 


50 (50) 




ns 




6 



Data in ( ) is the characteristics in 15 MHz version. 



Notes: 1. Applies to CL2. 

2. Applies to CL1 and CL2. 

3. Applies to Dij and CL2. 

4. Applies to EI01, EI02, and CL2. 

5. Applies to CL1 . 

6. Applies to RVS and CL2. 
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tR 



CL2 



Dij 



Jswl. 



■ tcYC 



CL1 
CL2 

RVS 



LCD output 




< tRSU » 






<- 





Last data 




Enable output o.2 x Vcc 



Enable input 



tESU 



Figure 15 Timing Chart 



Chip enable 

output I 
30 pFI= 



Figure 16 Test Load 
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HD66330T (TFT Driver) 

(64- Level Gray Scale Driver 
for TFT Liquid Crystal Display) 

— Preliminary — 



Description 

The HD66330T, a signal driver LSI, drives an 
active matrix LCD panel having TFTs (thin film 
transistor) in the picture element (pixel) area/The 
LSI receives 6-bit digital display data per dot and 
outputs corresponding gray scale voltage. This LSI 
easily achieves multicoloring of a VGA-sized color 
TFT LCD and is suitable for applications such as 
multimedia. 



Features 

• Multicolor display 

The HD66330T receives 6-bit digital display 
data per dot, and selects and outputs an LCD 
drive voltage among 64-level gray scale volt- 
ages. When R, G, and B color filters are added 
to the LCD panel, a maximum of 260,000 colors 
can be displayed. 

• High-speed operation 
Operating clock: 28 MHz maximum 

Amount of input data: 3 dots x 6 bits (gray scale 
data) 

• Applicable systems 

PC (640 x 480/400 dots) systems 

• Internal 192-bit drive function 

• Internal standby function 

• Internal chip-enable signal generation circuit 

• Supply voltage: 4.5 V to 5.5 V 

• Bidirectional shift 



Ordering Information 

Type No. Outer lead pitch (urn) Package 

HD66330TA0 160 236-pin TCP 

Note: The details of TCP pattern are shown in "The Information of TCP.' 
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Pin Arrangement 



>>>>->>->•>•>■ 



>>>>>>>>> 




^c\ico^i/><or^coo>OT-c\ico^i/><or^coo>0'r : wco<£ «fl SO op o> o »- c\j 



Note: This figure does not specify the tape carrier package dimensions. 



1 


V8L 


11 


D01 


21 


SHL 


31 


D21 


41 


V5R 


2 


V7L 


12 


D02 


22 


GND 


32 


D22 


42 


V6R 


3 


V6L 


13 


D03 


23 


EI02 


33 


D23 


43 


V7R 


4 


V5L 


14 


D04 


24 


D10 


34 


D24 


44 


V8R 


5 


V4L 


15 


D05 


25 


D11 


35 


D25 






6 


V3L 


16 


EI01 


26 


D12 


36 


VOR 






7 


V2L 


17 


CL4 


27 


D13 


37 


V1R 






8 


V1L 


18 


CL2 


28 


D14 


38 


V2R 






9 


VOL 


19 


CL1 


29 


D15 


39 


V3R 






10 


D00 


20 


Vcc 


30 


D20 


40 


V4R 
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Internal Block Diagram 



CL2 - 
B02- 
0C5T- 

SHL ■ 



D25-D20 
D15-D10 
D05-D00 



CL1 



Vcc - 
GND " 

CL4 



Clock controller 



V8L, V7L, 
V6L, V5L, 
V4L, V3L, 
V2L, V1L, 
VOL 



Latch address selector 



192-bit decoder 



=0 




^6 planes 



6 planes 



1 



V8R, 
V7R, 

1 92-bit LCD drive voltage generation circuit V5R, 

V4R! 
V3R, 
V2R, 

Y192 V1R . 

VOR 



Y1 Y2 Y3 Y4 Y5 
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Block Functions 

Clock Controller: Generates chip enable signals 
(EI02 and EIOl) and controls the internal timing 
signals. 

Latch Address Selector: Generates latch signals, 
which sequentially trigger latch operation of input 
display data. 

Latch Circuit 1: Latches 3-pixel x 6-bit sequen- 
tially input display data; composed of 192 x 6 bits. 

Latch Circuit 2: Latches 192 x 6-bit data latched 
in latch circuit 1 synchronously with the CL1 
signal. 



Decoder: Generates a decode signal per pixel for 
the LCD drive voltage generation circuit using an 
upper 3-bit decoder and a lower 3-bit decoder. 

LCD Drive Voltage Generation Circuit: Generates 
LCD drive voltages from LCD drive power supply 
voltages according to the decode signals generated 
by the decoder. 
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Pin Functions 

Signal Name Numbers 



I/O 



Functions 



Vcc 



1 



Power 
supply 



GND 



Power 
supply 




V CC -GND: Supplies power to the LSI. 



V8L-V0L, 1 8 Power Supplies power to the LCD drive voltage generatbn circuit. 
V8R-V0R supply The same voltage must be applied to corresponding L- and 
R-power pins within a range of Vqc to GND. 

CL1 1 Input Inputs display data latch pulses for latch circuit 2. At the 

rising edge of each CL1 pulse, latch circuit 2 latches display 
data input from latch circuit 1 and outputs LCD drive 

voltages corresponding to the latched data. 

CL2 1 Input Inputs display data latch pulses for latch circuit 1 . At the 

falling edge of each CL2 pulse, latch circuit 1 latches display 
data input via D25-D00 and outputs the latched data to latch 
circuit 2. 



D25-D20, 
D15-D10, 
D05-D00 



18 



Input 



Inputs 6-bit (gray scale data) x 3-pixel display data. 



SHL 



Input 



Selects the shift direction of the display data. 



GND 



V C c 





1st 


D25-D20 




! L 


D15-D10 




D05-D00 








Last 





1st 


D25-D20 




! i 


D15-D10 




D05-D00 








Last 



D25-D20 


Y1 


D15-D10 


Y2 


D05-D00 


Y3 


i 
• 
i 

i 


s 


D25-D20 


Y190 


D15-D10 


Y191 


D05-D00 


Y192 


D25-D20 


Y192 


D15-D10 


Y191 


D05-D00 


Y190 


i 
i 


s 


D25-D20 


Y3 


D15-D10 


Y2 


D05-D00 


Y1 



CL4 1 Input Controls the 2-phase function. A high level period of this 

signal specifies the first phase period that performs high 
output current operation, and a low level specifies the 
second phase period that outputs the voltage corresponding 
to the display data. 
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Pin Functions (cont) 

Signal Name Numbers I/O 


Functions 





EI01, EI02 2 Input/output Provides chip-enable signals. Input or output depends on 

the SHL signal, as shown below. At any one time, the signal 
being used for input must go low to enable the LSI to latch 
display data, and the signal being used for output will be 
driven low after 1 92 pixels of display data have been read. 



SHL Level 


EI01 


EI02 


GND 


Input 


Output 


Vcc 


Output 


Input 



Y1 -Y1 92 1 92 Output Outputs LCD drive voltages. 
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System Overview 

The following shows a block diagram of a TFT 
color LCD system configured with multiple 
HD66330Ts. The HD66330Ts latch 6-bit data per 
dot, and selects and outputs one level among 



64 internally generated LCD drive voltage levels. 
When the pixels are structured using R, G, and B 
color filters, a maximum of 260,000 colors can be 
displayed. 



System block diagram 



Display data 18 (6 bits x 3 pixels) 



Control signals 3 (CL1, CL2, and CL4) 



LCD drive 
power supply 
circuit 



2 (FLM, 



9(V8-y0l 



I 



|HD66330T1 
No,!. 



|HD66330Tl 
Nq. 2 . 



2 (V GATE, G ND) -^TjjTJ^ ^jiFjP 



TFT color panel 
260,000 colors, 640 x 480 dots 




HD66330TJI 

no,5 m 

^92^ 



Display data 1 8 (6 bits x 3 pixels) 



Control signajs 3 (CL1 , CL2, and CL4) 



^TT92^>^ 
No. 10 



,9(V8-V0 ) 



Timing chart (example of the common-voltage AC-drive method) 
CL1 _fl 

CL2 

D25-D20 
D15-D10 



JL 



njiLrtniwiMJU^^ 

rr| 1 1 1 1 1 1 1 1 1 1 1 1 ITTT — sFTf 

mo 



D05-D00 



CL1 



CD Q 

i 
i 

_R 



1 -frame period 



_1 1 horizontal ' 
period r 



•si 



n n 



V0-V8 

Common 
electrode 
(0 V/5 V) 

Y1-Y192 



V8 ! 


VO 


V8 


VO 


VO 


l V8 


X vo 


l V8 



•tow 

•_n n 



I 



vo 



V8 



V8 



j 




64-level gray scale 
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Timing Chart for Display Data 

The following figures show the display data timing 
and hardware configuration for the TFT color LCD 
system configured with HD66330Ts. Since color 
panels usually have a narrow connection pitch with 
driver LSIs, the HD66330Ts should be located 
above (upper drivers) and below (lower drivers) 



the panel and alternately connected to the panel 
pins. In such a configuration, the RGB data and the 
system dot clock (DCLK) should be divided 
between the upper and lower drivers. Here, DCLK 
should be divided into two by the controller. 



Upper driver display data 1 8 (6 bits x 3 pixels) 




Timing chart 



DTMG 



DCLK 



R5-R0 
G5-G0 
B5-B0 



-Valid display period - 



Upper driver display data CL2U 



R5-R0 (odd pixel) - 
B5-G0 (odd pixel) - 
G5-B0 (even pixel)- 



J:irih:inr:iri~ 



D25-D20 — | — y— 1 — y ■ y ■ u u u y u ^ 

D15-D10 i 11,213,4 35.6 J7,8I I I I r 
D05-D00 1 M M M V A A A A 



i * i i i i i i 

Lower driver display data CL2L |_j [^J J_J |_j [_( |_J [_J | , 



G5-G0 (odd pixel) 
R5-R0 (even pixel) - 
B5-B0 (even pixel) - 



D25-D20 
D15-D10 
D05-D00 



Numbers in the figure indicate 
pixels. 
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Power Supply Circuit Example 

The figures below show an example of a circuit 
used to generate LCD drive power supply voltages 
VO to V8. In this example, 18 levels of voltage are 
generated by divided resistance to alternate the cur- 
rent for the LCD panel, and either positive or nega- 



tive voltages are selected and supplied to the 
HD66330T. To stabilize voltage, an operational 
amplifier should be connected to each selector 
output. 



+5V 



O 
C 
(0 



■o 

<D 
> 

b 



77T 




V8 




V7 






HD66330T 


VO 





Maximum ±1 mA direct current 
(maximum ±5 mA for each of the L- and 
R-pins) flows in the LCD drive power 
supply voltage pins VO to V8 of one 
HD66330T. When 10 ICs are used, the 
current amounts to ±100 mA maximum. 
The direct current changes within to 
±1 00 mA depending on the display data. 

The LCD drive power supply circuit must 
be able to provide stable voltage despite 
the change in the current input to the IC. 
The following shows a circuit example: 



T 



Vn 

HD66330T 



Vn 



Vn 



Vn 



Vn 



LCD drive power supply circuit example 
(per one voltage level) 



HD66330T 
Vn 

r 



Vn 



VnJ 



Vn -Vfl 
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Power Supply Voltage Examples 

Voltage levels to be input to LCD drive power sup- characteristics. The table below lists voltage level 
ply pins VO to V8 should be determined according examples for reference: 
to panel specifications such as voltage intensity 





VO 


V1 


V2 


V3 


V4 


V5 


V6 


V7 


V8 


Counter Electrode 


Voltage (V) 





1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


5.0 







5.0 


4.0 


3.5 


3.0 


2.5 


2.0 


1.5 


1.0 





5.0 
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Relationship between Display Data and Output Voltage 



The HD66330T outputs 64-level gray scale voltage 
generated by 9 levels of LCD drive power supply 
voltage and 6-bit digital data. The figure below 



shows the relationship among the input voltages 
from the LCD drive power supply circuit, digital 
codes, and output voltages. 



Display Data 



Output Voltage 



D15 D14 DI3 DI2 DM DIP 1st Phase 2nd Phase 



Display Data 



Output Voltage 



DI5 DI4 DI3 DI2 DM DiO 1st Phase 2nd Phase 





















V1 


VO + 1/8 x (V1-V0) 


1 














V5 


V4 + 1/8x (V5-V4) 

















1 


V1 


VO + 2/8 x (V1-V0) 


1 











1 


V5 


V4 + 2/8 x (V5-V4) 














1 





V1 


VO + 3/8 x (V1-V0) 


1 








1 





V5 


V4 + 3/8 x (V5-V4) 














1 


1 


V1 


V0 + 4/8x(V1-V0) 


1 








1 


1 


V5 


V4 + 4/8 x (V5-V4) 











1 








V1 


VO + 5/8 x (V1-V0) 


1 





1 








V5 


V4 + 5/8 x (V5-V4) 











1 





1 


V1 


VO +6/8 x (V1-V0) 


1 





1 





1 


V5 


V4 + 6/8 x (V5-V4) 











1 


1 





V1 


VO + 7/8 x (V1-V0) 


1 





1 


1 





V5 


V4 + 7/8 x (V5-V4) 











1 


1 


1 


V1 


V1 


1 





1 


1 


1 


V5 


V5 








1 











V2 


V1 + 1/8 x (V2-V1) 


1 


— L_ 











V6 


V5 + 1/8 x (V6-V5) 








1 








1 


V2 


V1 +2/8 x(V2-V1) 


1 


1 








1 


V6 


V5 + 2/8 x (V6-V5) 








1 





1 





V2 


V1 +3/8x(V2-V1) 


1 


— 1— 





1 





V6 


V5 + 3/8 x (V6-V5) 








_L_ 





1 


1 


V2 


V1 + 4/8 x (V2-V1) 


1 


_JL_ 





1 


1 


V6 


ft Ml* A tf% /ft lA ft if\ 

V5 + 4/8 x (V6-V5) 








— 1— 


1 








V2 


V1 + 5/8 x (V2-V1) 


1 


-JL. 


1 








V6 


V5 + 5/8 x (V6-V5) 








— 1_ 


1 





1 


V2 


V1 + 6/8 x (V2-V1) 


1 


—1— 


1 





1 


V6 


V5 + 6/8 x (V6-V5} 










1 


1 







VI + f/O X [vd— VlJ 


1 




1 


1 


A 

V 


VO 


\/C i *7/fl \* A/<i_\/C\ 

Vo + 7/o X (VO— VO) 










1 


1 


1 


V2 


V2 


1 




1 


1 


1 


V6 


V6 



















V3 


V2 + 1/8x{V3-V2) 
















V7 


V6 + 1/8x(V7-V6) 
















1 


V3 


V2 + 2/8 x (V3-V2) 













1 


V7 


V6 + 2/8x(V7-V6) 













1 





V3 


V2+3/8x(V3-V2) 










1 





V7 


V6 + 3/8x(V7-V6) 













1 


1 


V3 


V2 + 4/8 x (V3-V2) 










1 


1 


V7 


V6 + 4/8 x (V7-V6) 










1 








V3 


V2 + 5/8 x (V3-V2) 







1 








V7 


V6 + 5/8x(V7-V6) 










1 





1 


V3 


V2 + 6/8 x (V3-V2) 







1 





1 


V7 


V6 + 6/8x(V7-V6) 










1 


1 





V3 


V2 + 7/8 x (V3-V2) 







1 


1 





V7 


V6 + 7/8x(V7-V6) 










1 


1 


1 


V3 


V3 







1 


1 


1 


V7 


V7 


















V4 


V3 + 1/8 x (V4-V3) 















V8 


V7 + 1/8 x (V8-V7) 















1 


V4 


V3 + 2/8 x (V4-V3) 












1 


V8 


V7 + 2/8x(V8-V7) 












1 





V4 


V3 + 3/8 x (V4-V3) 









1 





V8 


V7 + 3/8x(V8-V7) 












1 


1 


V4 


V3 + 4/8 x (V4-V3) 









1 


1 


V8 


V7 + 4/8x(V8-V7) 









1 








V4 


V3 + 5/8 x (V4-V3) 






1 








V8 


V7 + 5/8x(V8-V7) 









1 





1 


V4 


V3 + 6/8 x (V4-V3) 






1 





1 


V8 


V7 + 6/8 x (V8-V7) 









1 


1 





V4 


V3 + 7/8 x (V4-V3) 






1 


1 





V8 


V7 + 7/8x(V8-V7) 









1 


1 


1 


V4 


V4 






1 


1 


1 


V8 


V8 



Note: 1st phase: The period in which 2-phase control signal CL4 is high and high output current operation is performed. 

2nd phase: The period in which 2-phase control signal CL4 is low and low output current operation is performed (see p. 1199 for 
details). 



Power 
supply 
circuit 



V8 



HD66330T 



VO 



Y192 




64 levels 



Display data 
(6-bit digital data) 
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Output Offset Voltage 

The HD66330T has an internal DA converter per 
output The upper three bits of 6-bit display data 
select and apply the LCD drive power supply volt- 
age level to the DA converter, and the lower three 
bits select and output one analog voltage level. 

Output offset voltage V off is defined as the differ- 
ence between the actual output voltage and the 
ideal output voltage expected from the LCD drive 
power supply voltage and digital display data. The 
V ff can be considered as the total output voltage 
differences including the differences between LSIs, 
between different output pins of the same LSI, and 



that caused by concentrated current in a LSI due to 
a particular display pattern. 

The figure below shows the characteristics of out- 
put voltage with respect to LCD drive power sup- 
ply voltages. Since output offset voltage V off 
depends on the difference between adjoining LCD 
drive power supply voltages IVn - Vn + II (n = to 
7) output offset voltage will also decrease when the 
power supply voltage difference IVn - Vn + II is 
decreased. 



LCD Drive Power Supply Voltage Examples 

VP V1 V2 V3 V4 V5 V6 V7 V8 

Voltage (V) 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 
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LCD Drive Power Supply Voltage Examples 

V8 V7 V6 V5 V4 V3 V2 V1 VP 

Voltage (V) 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 



(V8 < V7 < ... < V0) 




MSB 



LCD drive power supply voltage 
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2-Phase Operation 



A high-speed low-power output switching function 
is provided by dividing the horizontal period into 
lst-and 2nd-phase periods, where high output cur- 
rent operation and low output current operation are 
alternately performed. 

During the lst-phase period, the specified voltage 
is applied to the LCD panel quickly with a low out- 
put impedance of about 215 kQ. (high output 
current operation). Here, the applied voltage is 
selected by the upper three bits of display data 
(seep. 1196). 

During the 2nd-phase period, a voltage is applied 



corresponding to the display data with an output 
impedance of about 17 k£2 (low output current 
operation). 

In general, since it is not required to secure the 1st 
phase in a 640 x 480-dot color panel (see the figure 
below for assumed load condition), CL4 can be 
fixed low. 

This function is effective when the panel load is 
large or when a horizontal period is short and gray 
scale voltage must be applied quickly. For settings 
in the lst-phase period, see note 4 in Electrical 
Characteristics. 



CL4 



j 



Horizontal period 




1st phase 


2nd phase ^ 








i 



1_ 



Output resistance 
2.5 kQ 



Output resistance 
17 kQ 



Assumed load condition 



5kQ 

LCD load: o — MA/ 1 

vvv =j=200pF 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Power supply voltage 


V CC 


-0.3 to +7.0 


V 


1 


Input voltage (1) 


Vn 


-0.3 to +V CC + 0.3 


V 


1.2 


Input voltage (2) 


Vt2 


-0.3 to +V C c + 0.3 


V 


1.3,4 


LCD power supply Input current 


It 


±20 


mA 


5 


Operating temperature 


Topr 


-20 to +75 


°C 




Storage temperature 


^sta 


-40 to +125 


°C 





If the LSI is used beyond the above maximum ratings, it may be permanently damaged. It should always be 
used within its specified operating range for normal operation to prevent malfunction or degraded reliability. 

Notes: 1 . Assuming GND = V. 



2. Applies to input pins CL1, CL2, CL4, SHL, and Dij, and I/O pins EI01 and EI02 when used as 
input. 

3. Specifies voltage to be input to the LCD drive power supply pins. 
Either of the following relationships must hold: 

V LCD > V8 > V7 > V6 > V5 > V4 > V3 ^ V2 ^ V1 > V0 ^ GN D or 
V LCD ^V0^V1 £V2£V3£V4£V5;>V62>V72>V8;>GND 

4. The following relationship must hold for V0 to V8 potentials: 
|Vn-Vn+ 1|<2 V(n = 0to7) 

5. Specifies the maximum ratings for current in the LCD drive power supply input pins V0 to V8 
(total current for both L and R pins). 
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Electrical Characteristics 



DC Characteristics (V cc - 


GND = 4.5 to 5.5 V, and T 


a = 20 to 75°C, unless otherwise noted) 


Item 


Symbol 


Applicable 
Pins 


Min 


Typ Max 


Unit 


Test Conditions Notes 


Input high-level 
voltage 


V|H 


CL1.CI2, 
SHL, Dij, CL4, 


0.8 x V cc 


Vcc 


V 




Input low-level 
voltage 


V|L 


EI01(I), 
EI02(I) 





0.2 x V cc 


V 




Output high-level 
voltage 


VOH 


EI01(0) t 
EI02(0) 


V CC -0.4 




V 


Iqh * -0.4 mA 


Output low-level 
voltage 


Vol 






0.4 


V 


Iql * 0.4 mA 


Input leakage 
current (1 ) 


"L1 


CL1.CI2, 
SHL, Dij, CL4 


-5 


+5 


u.A 




Input leakage 
current (2) 


"L2 


EIOI(I), 
EI02(I) 


-10 


+10 


uA 




LCD drive power 
supply input 
current 


I, 


V0L-V8L, 
V0R-V8R 


-10 


+10 


mA 


Total of L and 
R pins 

|Vn-Vn + 1|«1 V 
(n = to 7) 


Output offset 
voltage 


Voft 


Y1-Y192 


— 


60 


mV 


V CC -GND«5V 1 
|Vn-Vn + 1| - 1 V 
(n - to 7) 








— 


30 


mV 


V cc -GND. 5 V 
|Vn-Vn + 1|-0.5V 
(n = to 7) 


Difference 
between 
output pins 


Vref 


Y1-Y192 





±30 


mV 


V CC -GND-5V 2 
|Vn-Vn + 1|« 1 V 
(n - to 7) 










±15 


mV 


V CC -GND-5V 
|Vn-Vn + 1|«0.5V 
(n = to 7) 


Driver output 
ON resistance 


Ron1 


Y1-Y192 




2.5 


kft 


1 st phase 

V C c - GND ■ 5 V 




Ron2 


Y1-Y192 




17 


kft 


2nd phase 
V CC -GND-5V 


Current 

consumption (1 ) 


»P1 


Between 
V C c and 
GND 




20 


mA 


Data latch 3 
fda- 15 MHz, 
feu - 33 kHz 


Current 

consumption (2) 


W 


Between 

V C c and 
GND 




4 


mA 


Standby 
fcL2-15MHz. 
f C u - 33 kHz 
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Notes: 1 . Output offset voltage V off is defined as difference between the actual output voltage and output 
voltage expected from the LCD drive power supply voltage and digital display data. 
V ff shows the following characteristics with respect to voltage difference between adjoining LCD 
drive power supply pins |Vn — Vn + 1 1. 




(n = 0to 7) 



|Vn-Vn + 1| 



2. V re f can be considered as the maximum total output voltage differences including the differences 
between LSIs, between output pins of the same LSI, and that caused by concentrated current in 
an LSI due to a particular display pattern. 

3. Except for the current flowing in VO to V8; outputs are unloaded. 
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AC Characteristics (V cc - GND = 4.5 to 5.5 V, and T, = -20 to +75°C, unless otherwise noted) 



Item 


Symbol 


Applicable Pin 


Mln 


TVp Max Unit Test Condition Notes 


Clock cycle time 


fmax 


CL2 




28 MHz 


Clock high-level 
width 


T cwh 


CL2 


10 


ns 


Clock hicih-lfiv&l 
width 


' cwl 


CL2 


10 


ns 


Clock rise time 


T r 


CL1.CL2 




6 ns 


Clock fall time 


T t 


CL1.CL2 




6 ns 


Clock sfituo time 


■ su 


CL1 , CL2 


50 


ns 


Clock hold time 


T h 


CL1.CL2 


70 


ns 


Data setup time 


T dsu 


Dij, CL2 


10 


ns 


Data hold time 


T dh 


Dij, CL2 


10 


ns 


Enable setup time 


T esu 


EI01.EI02, CL2 


7 


ns 


Enable output 
delay time 


Ted 


EI01.E102, CL2 




20 ns 1 


CL1 high-level 
width 


Tcliwh 


CL1 


56 


ns 


Driver output 


T dd 


CL1, Y1-Y192 




22 us 2, 3, 4 



delay time 



CL2 



Dij 



CL1 



CL2 



T cwh 



0.8 V cc 



7~0.2V CC 



"\>^0.8Vcc 

_y\o.2v cc 



~r o.8 v cc / 

\ 0-2 Vcc f O. 





T cliwh 

0.8Vcc i r := 4.0.8Vcc 
0-2 Vcc j X 0.2 Vcc 



■0.2 V, 



Notes: 1 . The figure below shows the load condition 
for the enable output pins. 



Enable output o- 



30 pF 



J^2V^ 
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2. Specified by the following load condition and timing. 
Load condition 



Load resistance 

Y1-192 c— -AM , Load capacitance 

vvrT ^=200pF 



(CL4 is fixed at low level.) 



CL1 



Y1-192 




Specified output voltage - V ff 
Specified output voltage + V off 



3. Driver output delay time T dd has the following characteristics with respect to the load condition. 



40 



— 30 



J* 20 



10 - 
— 




Load resistance 1 k£2 
Load resistance 5 kQ 



<CL4 is fixed low.) 



100 200 300 

Load capacitance (pF) 



4. Driver output delay time T dC | has the following characteristics with respect to the CL4 high-level 
width. 



20 



10 



Load resistance 5 kQ 
Load capacitance 200 pF 

J L_ 
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LCD Module Line Up 



Graphic Display LCD Module 




•LM300XM 

•LMG9040ZZFC 
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LCD Module Line Up 



Character Display LCD Module 
1 -line Series 




•LM054 eH2570 #LM020L eLMOIS 




• LM058 



2-line Series 




#LM107XML 

•LM052L 




•LM018L 

•LM032L, LM032XML 
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LCD Module Line Up 



4-line Series Segment-type LCD module 




•LM044L 



LED with backlight 




•LM093LN 
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Graphic Display LCD Module (Reflection type) 



Typo 

Controll«r(N<rt*> 




Screen Site 
wxh (dote) 


Color 


Module size 

wxhxt (mm) 


Effective 
Screen State 
wxh (mm) 


Dot Pitch 
wxh (mm) 


Duty 
Cycle 




External type 


On-thip type 




LM258XB 


- 


* 1 


240x64 


Yellow-green 


149x57xl3max. 


1 17x41 


0.47x0.47 


1/64 




LM300XM 


- 


* 1 


240x64 


New gray 


180x75x1 1max. 


1 32 x 39 


0.53x0.53 


1/32 




- 


LM213XB 


*1 


256 x 64 


Yellow-green 


1 84 x 75 x 1 0max. 


149.6x43 


0.56x0.56 


1/64 




LMG6390QHGR 


LMG6380QHGR 


*1 


256x64 


New gray 


160x68x9.5max. *4 


126.3x37 


0.47x0.47 


1/64 




LMG6392QHFR 


LMG6382QHFR 


* 1 


256x64 


Black & White 


160x68x9. 5max. *4 


126.3x37 


0.47x0.47 


1/64 




LM221XB 


LM238XB 


* 1 


240 x 1 28 


Yellow-green 


1 80 x 1 20 x 1 3.8max. 


148x75 


0.55x0.55 


1/64 




LMG641 OPLGR 


LMG6400PLGR 


* 1 


240 x 128 


New gray 


1 59.4x 101 x9.5max. *4 


126x71 


0.50x0.50 


1/128 




LMG6412PLFR 


LMG6402PLFR 


* 1 


240 X 1 28 


Black & White 


1 59. 4x 1 01 x9.5max. *4 


126x71 


0.50x0.50 


1/128 




LM246X 


- 


*2 


320x256 


Yellow-green 


1 68 x 1 50 x 1 3. 5max. 


1 42 x 1 1 5 


0.43x0.43 


1/128 




LM21 1XB 




* 1 


480x64 


New gray 


270x82x 13max. 


240x38 


0.49x0.49 


1/64 




LM21 1XMC 




* 1 


480 x 64 


New gray 


270x82xl3max. 


240 x 38 


0.49x0.49 


1/64 




LM215XB 




*1 


480x128 


Yellow-green 


270x11 Ox 11.5max. 


242x69 


0.48x0.48 


1/64 




LMG6250ULGR 




*3 


480x128 


New gray 


270x1 10xl1.5max. 


242x69 


0.48x0.48 


1/128 




LMG6252ULFR 


- 


*3 


480x128 


Black & White 


270x11 Ox 11.5max. 


242x69 


0.48x0.48 


1/128 




LM266XW 


- 


*2 


640x100 


New gray 


287. 5x71. 5x11.5max. 


243x42 


0.36x0.36 


1/100 




LM280X 




*3 


640x200 


Yellow-green 


270xl04x11max. 


236.4x78 


0.36x0.36 


1/200 




LMG6270XNGR 




*3 


640x200 


New gray 


265x90x8max. 


221.2x73 


0.33x0.33 


1/200 




LMG6272XNFR 




*3 


O40 X 200 


Black & White 


265 x 90 x 8max . 


221 .2x73 


0.33x0.33 


1/200 




LMG6273XNFR 




*3 


640x200 


Black & White 
anti-glare 


265x90x8max. 


221.2x73 


0.33x0.33 


1/200 




LMG6280XNGR 




*3 


640x200 


New gray 


270xl16x8max. 


217.2x96 


0.33x0.45 


1/200 




LMG6282XNFR 




*3 


640x200 


Black & White 


270x116x8max. 


217.2x96 


0.33x0.45 


1/200 




LMG6283XNFR 




*3 


640x200 


Black & White 
anti-glare 


270xll6x8max. 


217.2x96 


0.33x0.45 


1/200 




LMG61 1 1 XTFR 




*3 


640X400 


Black & White 
anti-glare 


288x173x7.5max. 


223.17X143.97 


0.33x0.33 


1/200 




LMG6150XUFR 




*3 


640x480 


Black & White 
anti-glare 


272x1 78 x9max. 


202.37x152.77 


0.31 xQ.31 


1/240 




Graphic Display LCD Module (with EL backlight) 


LMG6391QHGE 


LMG6381QHGE 


*1 


256x64 


New gray 


160x68x9. 5max. *4 


126.3x37 


0.47x0 47 


1/64 




LMG641 1 PLGE 


LMG6401 PLGE 


*1 


240x128 


New gray 


159.4x101 x9.5max.*4 


126x71 


0.50x0.50 


1/128 




LMG6251ULGE 




*3 


480x128 


New gray 


270x1 10x11.5max. 


242x69 


0.48x0.48 


1/128 




LMG6271XNGE 




*3 


640x200 


New gray 


265x90x9max. 


221.2x73 


0.33x0.33 


1/200 




LMG6281XNGE 




*3 


640x200 


New gray 


270xl16x9max. 


217.2x96 


0.33x0.45 


1/200 




LMG6171XTBE 




*3 


640X400 


Blue 

anti-glare 


256x146x9max. 


197x125 


0.30x0.30 


1/200 




LMG6173XTFE 




*3 


640x400 


Black & White 
anti-glare 


256x146x9max. 


197x125 


0.30x0.30 


1/200 




LMG6151XUFE 




*3 


640x480 


Black & White 
anti-glare 


272x178x9max. 


202.37x152 


0.31 xO.31 


1/240 




LMG6221XUFE 




*3 


640x480 


Black & White 
anti-glare 


260x160x9max. 


183x138.4 


0.28x0.28 


1/240 




Graphic Display LCD Module (with CFL backlight) 


LM721XBNP 




*3 


320x200 


Yellow 


142x103x30max. 


113x77 


0.33x0.35 


1/200 




LMG6160XTFC 




*3 


640X400 


Black & White 
anti-glare 


325x191 .6x26max. 


236X152 


0.36x0.36 


1/200 




LMG.6371XTBC 




*3 


640x400 


Blue 

anti-glare 


250x145x10.6max. 


196x124 


0.30x0.30 


1/200 




LMG6471XTFC 




*3 


640X400 


Black & White 
anti-glare 


250xl45x10.6max. 


196x124 


0.30x0.30 


1/200 




LMG5040XUFC 




*3 


640x480 


Black & White 
anti-glare 


256.5xl60x10max. 


183x137 


0.28x0.28 


1/242 




LMG5060XUFC 




*3 


640x480 


Black & White 
anti-glare 


250x172x10.5max. 


196x150 


0.30x0.30 


1/240 




LMG9050ZZFC 






1024x768 


Black & White 
anti-glare 


300x234x1 7max. 


231X175 


0.22x0.22 


1/387 




LMG9040ZZFC 






1120x780 


Black & White 
anti-glare 


31 6x230x31 max. 


236X166 


0.205x0.205 


1/390 
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Recommended Voltage 
(Not.) 


Power 
Consumption 


Operating 
Temperature 


Storage 
Temperature 


Weight 


Power 
Supply 


Driver (on-chip) 


Type 


Vdd-Vbs 

(111 


(ill 




+ 5 


-12 


66 


0~+40 


-20~+60 


120 


2 Double 


LC7940/7941/7942 


LM258XB 




+ 5 


-9 


33 


0~+40 


-20~+60 


150 


2 Double 


LC7940/7941/7942 


LM300XM 




+ 5 


-10.5 


250 


0~+40 


-20~+60 


150 


2 Double 


MSM5839/5238 


LM213XB 




+ 5 


-13 


90 


0~ + 40 


-20~+60 


160 


2 Double 


LC7940/794 1/7942 


LMG6390QHGR 




+ 5 


-13 


90 


0~ + 40 


-20~+60 


160 


2 Double 


LC7940/7941/7942 


LMG6392QHFR 




+ 5 


-13.5 


210 


0~+40 


-20- + 60 


220 


2 Double 


HD61 200/61 203 


LM238XB 




+ 5 


-15 


90 


0~ + 40 


-20~+60 


160 


2 Double 


LC7940/7942 


LMG641 0PLGR 




+ 5 


-15 


90 


0~ + 40 


-20~+60 


160 


2 Double 


LC7940/7942 


LMG6412PLFR 




+5 


-20 


76 


0~ + 40 


-20~ + 60 


265 


2 Double 


HD61 104/61 105 


LM246X 




+ 5 


-10.5 


130 


0~ + 40 


-20~+60 


180 


2 Double 


MSM5839/5238 


LM211XB 




+ 5 


-13 


90 


0~ + 40 


-20~ + 60 


210 


2 Double 


LC7940/7942 


LM211XMC 




+5 


-13.5 


100 


0~ + 40 


— 20~ + 60 


320. 




unci infl/R1 1fY* 
nuu l i \J\J/ u l luo 


1 M9 1 1 RYR 




+ 5 


-13 


1 00 


0~+40 


— 20~+60 


320 










+ 5 


-13 


1 00 


0~+40 


— 20~+60 


320 






1 Mfifi9R9l II PR 




+ 5 


— 1 9 


154 


0~ + 50 


-20~ + 60 


200 


2 Double 


HD61 104/61 105 


LM266XW 




+ 5 


-20.5 


180 


0~+40 


-20~+60 


290 


2 Double 


MSM5298/5299 


LM280X 




+ 5 


-22 


115 


0~+40 


-20-+60 


230 


2 Double 


MSM5298/5299 


LMG6270XNGR 




+ 5 


-22 


115 


0~+40 


-20~+60 


230 


2 Double 


MSM5298/5299 


LMG6272XNFR 




+ 5 


-22 


115 


0~+40 


-20~+60 


230 


2 Double 


MSM5298/5299 


LMG6273XNFR 




+ 5 


-22 


115 


0~ + 40 


-20~ + 60 


275 


2 Double 


MSM5298/5299 


LMG6280XNGR 




+ 5 


-22 


115 


0~ + 40 


-20~ + 60 


275 


2 Double 


MSM5298/5299 


LMG6282XNFR 




+ 5 


-22 


115 


0~+40 


-20~ + 60 


275 


2 Double 


MSM5298/5299 


LMG6283XNFR 




+ 5 


-20.5 


200 


0~+40 


-20~ + 60 


420 


2 Double 


MSM5298/5299 


LMG61 1 1XTFR 




+ 5 


—21 .5 


200 


0- + 40 


-20- + 60 


420 


2 Double 


MSM5298/5299 


LMG6150XUFR 




+ 5 


-13 


90 

1000*5 


0~+40 


-20~+60 


190 


2 Double 


LC7940/7942 


LMG6391QHGE 








90 

1000*5 


0~ + 40 


-20~ + 60 


200 


2 Double 


LC7940/7942 


LMG641 1 PLGE 




+ 5 


— 1 3 


100 


0~+40 


-20~+60 


380 


2 Double 


LC7940/7942 


LMG6251 ULGE 




+ 5 




115 


0~+40 


-20~ + 60 


280 


2 Double 


MSM5298/5299 


LMG6271XNGE 




+ 5 




115 


0~+40 


-20~+60 


340 


2 Double 


MSM5298/5299 


LMG6281XNGE 




+ 5 


—22 


200 

^OOO * 5 


0~+40 


-20~+60 


360 


2 Double 


MSM5298/5299 


LMG6171XTBE 








360 

2000 * 5 


0~+40 


-20~ + 60 


350 


2 Double 


MSM5298/5299 


LMG6173XTFE 








200 


0~+40 


-20~+60 


480 


2 Double 


MSM 5298/5299 


LMG6151XUFE 




+ 5 


—22 


400 

2000 * 5 


0-+40 


-20-+60 


450 


2 Double 


MSM5298/5299 


LMG6221XUFE 




+5 


-21.5 


230 

food* 6 


0~+40 


-20— +60 


340 


2 Double 


MSM5298/5299 


LM721XBNP 




+5 


-20.5 


360 

6000*6 


+ 10~ + 40 


-20~+60 


950 


2 Double 


MSM 5298/5299 


LMG6160XTFC 




+ 5 


-22 


360 

2000*6 


+ 10~ + 40 


-20~ + 60 


400 


2 Double 


MSM5298/5299 


LMG6371XTBC 




+ 5 


-22 


360 

2000*6 


+ 10~ + 40 


-20~ + 60 


400 


2 Double 


MSM 5298/5299 


LMG647 1 XTFC 




+ 5 


-22 


400 

1 800 * 6 


+ 5 40 


-10~ + 60 


430 


2 Double 


MSM5298/5299 


LMG5040XUFC 




+ 5 


-20.5 


360 

2500*6 


+ 10~ + 40 


-20~+60 


460 


2 Double 


MSM5298/5299 


LMG5060XUFC 




+ 5 


+34 


1700 
6000*6 


+ 5~+40 


-10~+60 


1100 


2 Double 


HD66107T 


LMG9050ZZFC 




+5 


+ 38 

(+12)*7 


1700 
6000 


+ 5~+40 


-10~+60 


1400 


3 Double 


HD66107T 


LMG9040ZZFC 



Note: Contoller LSI * 1 : HD61830 *2: HD63645F/64645F *3: HD66841 *4: External-type contoller maximum thickness is 9.0 mm. 
*5: EL power consumption * 6: CFL power consumption *7: Vpc-Vgs 
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Character Display LCD Module 



Typo 


Screen Size 
(Char.x Line) 


Color 


Module Size 
wxhxt (mm) 


Effective 
Screen Size 
wxh (mm) 


Character 
Dimensions 
wxh (mm) 


Duly Cycle 


H 

I 




Vrtn-Vee- fVl 


LM054 


8x1 


Gray 


88x44x 12max. 


61x15.8 


6.45x9.4 


1/8 


+ 5 




LM015 


16x1 


Gray 


80x36x12max. 


64.5x13.8 


3.15x5.5 


1/8 


+ 5 




H2570 


16x1 


Gray 


80x36x12max. 


64.5x13.8 


3.15x7.9 


1/11 


+ 5 




LM020L 


16x1 


Gray 


80x36x12max. 


64.5x13.8 


3.07x5.73 


1/16 


+ 5 




LM020XMBL 


16x1 


New gray 


80x36x12max. 


64.5x13.8 


3.07x5.73 


1/16 


+ 5 




LM070L 


20x1 


Gray 


105x39.0x1 1 max. 


84.0x13.0 


3.2x5.2 


1/8 


+ 5 




LM038 


20x1 


Gray 


182x35.5x1 3max. 


154.0x15.3 


6.7x9.4 


1/8 


+ 5 




LM027 


24x1 


Gray 


126x36xl2max. 


100x13.8 


3.15x7.9 


1/11 


+ 5 




H2571 


32x1 


Gray 


174.5x33x1 3. 4max. 


132.5X14 


3.15x7.9 


1/11 


+ 5 




H2572 


40x1 


Gray 


182x35.5x13max. 


154.0x15.3 


3.15x7.9 


1/11 


+ 5 




LM058 


40x1 


Gray 


290x60x13max. 


245x19 


4.82x8.18 


1/8 


+ 5 




LM052L 


16x2 


Gray 


80x36x1 1 max. 


64.5x13.8 


2.95x3.8 


1/16 


+ 5 




LM016L 


16x2 


Gray 


84x44x12max. 


61 X15.8 


2.96x4.86 


1/16 


+ 5 




LM016XMBL 


16x2 


New gray 


84x44x1 2max. 


61 X15.8 


2.96x4.86 


1/16 


+ 5 




LM032L 


20x2 


Gray 


116x39x13max. 


83x18.6 


3.2x4.85 


1/16 


+ 5 




LM032XMBL 


20x2 


New gray 


116x37x10. 5max. 


83x18.6 


3.2x4.85 


1/16 


+ 5 




LM060L 


24x2 


Gray 


1 1 6x39x1 3max. 


83x18.6 


2.7x4.85 


1/16 


+ 5 




LM017L 


32x2 


Gray 


174.5x33x1 3. 4max. 


141.19x16.75 


3.45x4.85 


1/16 


+ 5 




LM018L 


40x2 


Gray 


182x35. 5x13max. 


154x15.3 


3.2x4.85 


1/16 


+5 




LM018XMBL 


40x2 


New gray 


182x35.5x13max. 


154x15.5 


3.2x4.85 


1/16 


+5 




LM041L 


16x4 


Gray 


87x60x12max. 


61.8x25.2 


2.95x4.15 


1/16 


+5 




LM044L 


20x4 


Gray 


98x60x12max. 


76x25.2 


2.95x4.15 


1/16 


+ 5 




Character Display LCD Module (with LCD backlight) 


LM087LN 


16x1 


Gray 


90x36x14max. 


64.5x13.8 


3.07x6.56 


1/16 


+ 5, (+5) 




LM086ALN 


16x2 


Gray 


90x36x14max. 


64.5x13.8 


2.95x3.8 


1/16 


+5, (-) 




LM093LN 


16x2 


Gray 


90x44x1 3. 8max. 


61.0x15.3 


2.96x4.86 


1/16 


+ 5, ( + 5) 




LM091LN 


20x2 


Gray 


126x39x14max. 


83x18.6 


3.2x4.85 


1/16 


+ 5, ( + 5) 




LM092LN 


40x2 


Gray 


192x35. 5x14max. 


154x15.3 


3.2x4.85 


1/16 


+ 5, (+5) 




Note: Parentheses indicate Vled- 

Segment-Type LCD Module 


LM039 


16x1 


Gray 


87x27.5x1 1max. 


64.7x13.3 


2.2x6.4 


1/4 


+ 5 
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Power 

Consumption 


Operating Temperature 


Storage Temperature 


Weight 


Controller (on-chip) 


Type 




10 


0-+50 


-20~ + 70 


35 


HD44780 


LM054 




10 


0-+50 


-20~ + 70 


25 


HD44780 


LM015 




10 


0-+50 


-20~ + 70 


25 


HD44780 


H2570 




10 


0-+50 


-20- + 70 


25 


HD44780 


LM020L 




10 


0-+50 


-20- + 70 


25 


HD44780 


LM020XMBL 




10 


0-+50 


-20- + 70 


40 


HD44780 


LM070L 




25 


0- + 50 


-20- + 70 


65 


HD44780 


LM038 




10 


0-+50 


-20- + 70 


40 


HD44780 


LM027 




10 


0- + 50 


-20- + 70 


60 


HD44780 


H2571 




10 


0- + 50 


-20- +70 


65 


HD44780 


H2572 




15 


0-+50 


-20- +70 


150 


HD44780 


LM058 




15 


0-+50 


-20- +70 


25 


HD44780 


LM052L 




15 


0-+50 


-20- + 70 


35 


HD44780 


LM016L 




is 


0-+40 


-20- + 60 


35 


HD44780 


LM016XMBL 




15 


0- + 50 


-20- + 70 


50 


HD44780 


LM032L 




15 


0-+40 


-20- +60 


50 


HD44780 


LM032XMBL 




15 


0-+50 


-20- +70 


60 


HD44780 


LM060L 




15 


0- + 50 


-20- + 70 


60 


HD44780 


LM01 7L 




15 


0-+50 


-20- +70 


65 


HD44780 


LM018L 




15 


0-+50 


-20- +70 


65 


HD44780 


LM01 8XMBL 




15 


0- + 50 


-20- +70 


60 


HD44780 


LM041 L 




17.5 


0-+50 


-20-+70 


65 


HD44780 


LM044L 






155 


0~+50 


-20- +70 


40 


HD44780 


LM087LN 




150 


0~+50 


-20- +70 


40 


HD44780 


LM086ALN 




405 


0~+50 


-20- +70 


50 


HD44780 


LM093LN 




555 


0~ + 50 


-20-+70 


70 


HD44780 


LM091LN 




855 


0~+50 


-20- +70 


100 


HD44780 


LM092LN 






1.05 


0~+50 


-20-+ 70 


20 


^PD7225G 


LM039 
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Hitachi America, Ltd. 
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